12 United States Patent

Tomita et al.

US011774607B2

US 11,774,607 B2
Oct. 3, 2023

(10) Patent No.:
45) Date of Patent:

(54) SCINTILLATOR PANEL AND RADIATION (358) Field of Classification Search
IMAGING APPARATUS CPC ..o GO1T 1/2002; GO1T 1/2006; HOIL
277/14663
(71) Applicant: CANON KABUSHIKI KAISHA, See application file for complete search history.
Tokyo (IP) _
(56) References Cited
(72) Inventors: Taiji Tomita, Kanagawa (IP); U.S PATENT DOCUMENTS
Tomoyuki Oike, Kanagawa (JP); o -
Tamaki Kobayashi, Kanagawa (JP); 8,648,311 B2  2/2014 Kobayashi et al.
Masami Tsukamoto, Kanagawa (IP) 9,551,796 B2 1/2017 Maeda et al.
(73) Assignee: CANON KABUSHIKI KAISHA, FOREIGN PATENT DOCUMENTS
Tokyo (IP)
JP 2008-117589 * 10/2008 ... GOIT 1/20
(*) Notice: Subject to any disclaimer, the term of this IP 2016-061657 A 4/2016
patent 1s extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 0 days. _ _ _ _
Primary Examiner — Kiho Kim
(21) Appl. No.: 17/814,900 (74) Attorney, Agent, or Firm — VENABLE LLP
. S7 ABSTRACT
(22) Filed: Jul. 26, 2022 ( )_ _ _ ‘ o
A scintillator panel 1s provided. The scintillator panel com-
(65) Prior Publication Data prises: a support; a sqintillator.copﬁgurefl to generate light 1n
accordance with incident radiation; a light reflecting layer
US 2023/0046099 Al Feb. 16, 2023 arranged between the support and the scintillator and con-
_ o o figured to reflect the light; a semi-transmissive layer
(30) Foreign Application Priority Data arranged between the light reflecting layer and the scintil-
Aug. 13, 2021  (IP) 2021-132067 lator and configured to reflect part of the light and transmat
e other part of the light; and an optical adjustment layer
(51) Int. CI arranged between the light reflecting layer and the semi-
GOIT 120 (2006.01) transmissive layer and configured to make an optical dis-
HO1L 27/146 (2006.01) tance between the light reflecting layer and the semi-trans-
(52) U.S. Cl ' missive layer become a length with which the light
CPC ... GOIT 1/2002 (2013.01); GOIT 1/2006 ~ "5°O"ales
(2013.01); HOIL 27/14663 (2013.01) 15 Claims, 10 Drawing Sheets
253?
\ x\i\\i’l/p
102+ 1
103~ >, O 2 ™
108< 104~} i 107
106 — R4 90 ,
- ..r*' A
r/"’ . ialaiine byt -
R SR, ats s SR S BN, i S 100
LEany .
..
| P tq l 1 it ’ ISR NRES TTT: - +
201 W ) I 1 F_+M..T-j: 1 i j,_ i_ _ 4 ;1_}_;, i | E ,Lh,__.,___“__i“m:_:_._




US 11,774,607 B2

Sheet 1 of 10

Oct. 3, 2023

U.S. Patent

F1G.

200

202

T

L

L ]
-1-+-p -~

1

[ —

]
'l
L
IJTI e -
]
r
’
&
_
1

1
1
LN T
1
'

.g.-. 1--t-

1
A1+

:

1

1
1
¥
1
A
r

|
.
H

_E__

.-1-.-.’-1

L]
N
L)

w
L]

¥
+

_.|_+-.-|rr1-.--r-
1

I
*
i
&

H
+-l- - -k -
]

I
_1_.,-.-+-.-
v
I

}
¥-q-
L]
&

b
1
-F -
I
I,
]

t

X

{:_-..q--,.

'
- - -4 —F -4~
1
i
1

- I.l.llf-..lr:l..
] ]
1 ! o
B v ]
1 N .
q L}
". 1
] “. 1
TI+I R -
1 N '
-
] m 1
l..'l....llnll fr
. .
F “. 1
] 2 1
F 1 '
— 1 "
3 ."| 1
SRR
]
1

1
¥
] + 1
OO T Y -l -
1 i i
N i
1 v v
1
1 " 4
T 0
_ , :
' b ]
1
_-.l.lm.ll R —— -
1 ! .
L
1




U.S. Patent Oct. 3, 2023 Sheet 2 of 10 US 11,774,607 B2

350

WAVELENGTH (hm)

-
——— 1 - W
<3 ¢ -’ <3 ¢y
X S 5 <
_y—— g
<~
O

RELATIVE EMISS
INTENSITY



US 11,774,607 B2

Sheet 3 of 10

Oct. 3, 2023

U.S. Patent

INSWIGOgh4 SiHL
(LU

)

HLONTT3AYM

(%)
~ONY LD 144



]
o
I~
=
< INZWIQOBNT SIHL === | r====- DY e = e
ey (WU) HLONTTIAYM
—
Z 058 808 0%/ 00/ 059 009 056 0OS  0Sy  0OF  0Gg
0
_ 02
=
= | |
N : | - OF
=
7 P,
- , - L 09
3 '
Q 08
Oam,, Jo on s e e K SO IR IS 02 o0 0 0 v im0 2 oun 0 00 oy e w0 . 0 s om0 2 s B e Y % e
S I T T T OO T Do B
001
b e 07

U.S. Patent
<

(%)
JONY 123143



I e
I S O

~p0L >80}

T L A~ G0k
\ AR X XA A HAAK KN 0»0\&% 901

LO}

US 11,774,607 B2

ﬂ.l!i!l:i:!l!i’i:!i‘l!:! ...... fr oFE W N OWE PN BN U FE B P ONE G SR T MW SR N Sm W AT Em En
_ Y .____..T_ ........ 4
! - ._.___.i. \\-._.w.v.._._ J.-.. o i
i \..-......1 .._..___- \\x\n i n.r._.f... ~. % ................... !
! v e PR I I T o !
: we " . ARV PR S T ¢
i 4_...,...__._...._._H .4 s g & 1 i \ .._..r . . 1
\ ....u:..\ ________,_______. ¢ ' 4 F F i ._—_._ Y N " ....a...._._...... {
1 - » _ ¥ N T Y ' Y ~ ?
~" o & Y N
0 1 .__._.\.....___ _____._.__._, P F 4 I g i % ._r_t._ " a_._._._..._.._.. J
i A L L 4 ! 4 . i (A « ..:..,... ™o~ ;
- r % i
o 3 - -” ’ ’ d ! : 3 A " T i
¥ - i / J i ! % Y- Y §
s ’” s ’ d : : \ AN ~. '
S % .\.______ ..__-._1 7 ? i i L) L by !
3 ’ 7 ’ { 1 \ N " g
~ 1 R g v F / : 1 \ 3 “ . ’
W ) - e ’ ; ; ' \ N “o s
L \ . , ¢ ; " * ‘ , . ,
- X R ¢ s ? ' ) t 5 ~ y,
1 o & f ! i 1 % % _.r._-.._ §
” # 4 % .._..
S L \-\- P p f { L] 4 ‘% _.__.._u_.r 7
Yol s’ 7 ; _ : ) * e !
% ’ i ! t . ;!
!
'\ ’ ; ; ” , . > /
S v y : _ : b A ¢
or . o ¥ 1 . ~
b s’ d M. u 4 A > 5
2 W p ¢ | % %
0 i % A,
% s L. i L % £
A YL ¢ ¢ ; b % “ ¢
g | f._.____. rs { _ T 4 . v
y F ¢ : | ! ._..H.___.
o S 4 r \ b 7’
e “ d § _ ‘ > ’
~a - 7 p 1 y ._. ”
c ny J i L ~
- F ¢ ) L '
o N : “ ; . "
......_._.. ¢ i t .1.1\
- ! i ! ”
o 4 i { .._u.._____.
DR ! ¢« .7
..._-_..l._.....- _ .___..___..___.__i..
A

U.S. Patent



~604

9/:,/ OONEAONCANANEANS AN NN g X1
9999 ’gfo%?g 904

il!llil!l!ilil‘!ililtll‘it

L S B T L B T R B L e W b e el R Ll R e e e

US 11,774,607 B2

..
H y
t o \xuuf...r .r i
i - ._____.t. N LAy ...,.r ~ . 4
1 ..__-.____-._... ” 7 ! 1 N Sy -, i
t ™ - 7/ ! y M ., - P
Lo - 7 ! ! | . N . ~ ;
” ™" o’ .m.._____. .q._. J “ 1 » » .._....._. . ..__.._.._._...... }
__....I_...__- ¥ o b LY . -
1 L i e P T Y % v ~ ’
» - VA » ¢ 4 1 1 A1 A ™ S 7
- % g
1 L ” p) § ? g Yy % N ;....f e ?
| " ‘ d 4 “ : ‘ . I !
~ L o’ ’° __.___. ! _ ! ﬂ. *\ } T BaL PN
o v i ’ ’ d u : 4 N N "
\ ’ ’ ’ ! _ : 3 N ~ !
S Y P /’ F } t \ » * /
S \ -’ R , g ; \ N a ~ ;
% o’ ’ 4 § i 1 \ A * ’
\& y o x... K y “ ﬂ ._.r >, ~. p
% - i % ~ F
t % ._\_\t___ __\_..nu. ._-_._ h_ 1 % * Y _...._._... _ﬂ
W \ - ’ d f : \ ' . S :
W K Py |« ’ J % . "
h % _-.1_.._. ‘.___1_._._, P F i \ LY " . 4
L ~ F H { t . * _I._J.___ 7
k 4 * wi
’» 7 ! 1 1 % y
m.._, Ry / i g t ™ . 7
’ ! ] % Yy
7’
....___- 'y 7 } ) 'l LY ..____...__. _\h
, ’ d ! 4 h \ ’
i
LY 4 F # Y LY £
4 # 4 i \ "
Y £ ) iy
% s / ¢ ! \ N ’
L # £ .m { 4..__ 4 F._.. F
3 .-rJv L_.._m. .1.*._ ’ i 1 .F# * ___-__._ﬁ
= : / _ Y
Y r 2 u ) 3 ~ ,
— » 4 ! 3 % /
e\ » / ) _ 4 Y ’
__...._... 7 ; i ; \, .___.H
3 ..._.._I .m.... p q % ..._...__ .____.1
® » F LY o
~e Yo § : n b A
& % [ ! 1 .
O ~ £ ] t -
™ ! F ! o
..r!#. i’ ] ' t..__._...._
..._.._...:_.. 1 % .1..___.._._.
IL_..._-....-. . i : ....._..._____,...._....-
L F w il

U.S. Patent



US 11,774,607 B2

Sheet 7 of 10

F 1 G,

b
.

Oct. 3, 2023

200

U.S. Patent

102

%

-k - L oEoE T L L N
£

i

L 3 = = L L L L ®

e .
]

4-p

N

[ N L N N L |

4

L |

~ ® L ® 7 7 7 %W m % ® ¥ - L ® L L ® L L L % B L ® ®E 7.7 7 7 5 ®E 7 8 7 ® E ¥ L N L E T 7 7 7
£l

103 BN

101



US 11,774,607 B2

Sheet 8 of 10

Oct. 3, 2023

U.S. Patent

X
xm
P "
e e e e e e e e e T
P R A
.
[ ] Ak »> » » .
e e aa a aaa  a a X
Y AN XL N N LTI N AL AL M N
plo ST ek f - R J LU X X . ICICI ! ; . ; . : P e R N M MR P & x.xil
- .r.-..._. r.r......_..r.T.r.r.r.._.r..__.....-.._......-..-......-......-..__.........-..-..-..-. & & .-..i.-.??...i L oy l.. o A A ) ) ) L AL L o ; X u v.ﬂl . ]
T T e e a  a T e e e e e e e e e e Sl > P ™ o
o b k& For b d d dr kO b ddde domom d o odeode b ' Pl iy ol - 2 a
i . Voq drdr i ik de e ol 4 o4 omod drde deom oo de oy e W i B > P e 2 -
B N N R A wune. A R
r ;
Ll e oo e e "
L | . FrE N P N Ex x L A L
o . r ! A
P e ! ! x. X N LAt Al el . e T
L ) X X XK i, ] . LA Bk s i R i ok ar W el E iy ')
Jodrodp dr Jp b dp b b b oa o o e & & & . ] A I.-..-....n.r%..-..........-_ IIIII- P x X B ir B |
o . I A N R AR M ) . x e L U al ol e N e '
" T T ek ...._- g g . . xll.i.
L B X e e " . e i bt 1
L L [ ) E X X & i ' o " ) ) " [ x .
* i . ¥ o T liiln » EaEa o E L ]
*
aten e ety RN Nt Nl O o WA Wl
"o e oo e T N AL ML e W s R uaa e
ERE A A AR ¥  E Pl “ e
"ot uit L n e e *, x L B
ol R A ) T P x, » ol
A e e o X e [l r un . W - A
N [
N ) e i - AT Tt wran lllln__.n.. o Sregny . e o L ey
¥ - * s R o A N e il L ! tetatet. e el
Ao e T A x o e KA Ly e L e LN . . e
" e » LI e o e e L LR & x T Ty P i, Pl W, . e R e n N A
i La_x LR HHIIH.H..HIIII JE L P T X o, " " 'y a o] P Sl e P & s om X -y f PR 4 P
P o o x  a A xr a2 ) e )
T .-_" x“u." et N ; T, e = . e sy " T ey Ty «a 1”.-." e “ H H Y. .._?.H
Ly II HHH HHHHH IIH .u._v_u_. Hl HIH ] . . IHHHHH .HHI .-......_...-_.-. Ill lll!v..-_l ......_ h .....-_ .-......-. ._..i R H.-_ I”.r r .r”.-.l.... ' " o .. x v el .-.' - - N o
L] L o - - - . . - . L L - r
- W A A A ) . LA L x = A L Phai - . = N
! A LA LA = LA, ] i P ar i e [
; ; Al e L i ir L o )
. roTiTe ; T A A - K W) LN e N Ll e R
e i ey e . P A A .4.___ Ty . LA P e L
. P o o L M R o o P o e ¥ IR e .._. v e s T Tatal e
s ’ A e T - Ko K TN .t TR S . = e P R -
. 4 ¥ L LR Bl A L L) e Py . 2 o, " ek E e orwm ;
M N - | A a x a e I M EXXREENXRE - L e - o R N R R N
¥ ek e A X R X " - L . e R AN x o PN I | 4
- = U LN ) EXX RN . AR e N R e T W
¥ LA i LA ¢ L G o A sy x [N A A
- - LA ki o XX A KR . ol e o i = g ¥ | ) !
¥ g o e L KA . W A Az
. * ¢ . N ) 2 x A N )
[] .ri #.HH.HI ! l.l.l.b.b.b. gl Iﬂﬂn .Hﬂﬂlﬂﬂﬂ.v“r” Hl ) .I. __.HIHHHII l..__ -.__.rl.i - « IIII I & i i HH
. o A . R - Ll i ke K . x oo o
4 E_A x mx x NN ) " - - o oa
g e v_”n " n“v_ A .-.._._l " e R . ' o et n“
T “ L o ....“ H!HH " r.-_.-. " .....-_.... .-..l......__ .r.._ o .....-_ .HHHIIHI I!Hll HIIIIHH ..-.h L .....4.-. ll a2 IHHI ll "ln LR II
T ! T A ! iy ] e e e e RN ] . L -
Ea) e ) ) L L e e e " . laa__.l- . S 5
] L A AL N MR NN b e e o, : N . . " x = oA
v ; / xR " ar
- . A & _Jr dr ir * X x o g w " E X r 3
- - X, - & i i X X K x . " o P B
. A " - X [ = n N - a - =
3 ar i i - X m - 1 .
y P *u Wl P P P ot 'y - " r DI
e K x - . e En o N, B e o x e ) " . x Pl
w i i i W li .ﬁH l.l.}..!.rb. Hﬂl X 'Tb..-.ii .T.-.i Iﬂﬂl IH #1llk.:.b.l.l IH - IHI E l.l.ii‘l.l.11.
i I - o o . K Bt R e T T . = R
o .“..-_ i AL ’ ey iy "a -.._1..__.__”..“.4.__..-_ "..l "x“ " .....rH._._“:. e
EaC ol | ) i i b L] LI ] - * i - e o Pl
ir x i b - ] 2V K o w r A r irodr ko x
L - X Ea - i u - L m Ak x L R
A r o0 > i X & B ) I i ]
L, ”-. HH ...H.......,.r e ¥ - A o . "a ".rq “._.H...H n..__. at "na L " “ T
.
rod ok b A [ E b ok A EN L ) - . i & - ol " » o > o
x x s Oy Pl " i K * N ! e
» 'y X . X! . = A u )
et * e e e iy e e A - ~ R o X g i . e
A o L) L) L RC ) X - - o " x » r L]
L o m E L T N ) - i e iy >, . x o) x W En s . )
) N o N ) O N k) . ! . i . ; “x iy ot O
Pl k& - X, L n L i
ty x .“1”.....4_-_ nllil" X 2 L X A " " by ] . x . e S et
L] ) " & iy L - & n r -
» - n e e lx iy - s I s Sl = - W o - T . S
o PENCE AL n al aC ) ) o ; ___ PR . P . . .
o o T o e e N " PR e e et a o ’ L Ry x o Tay lll"__. " T “.__”
_..”i KA R X X L - A a. K E o L R X N e . Bor . "n "a - .._”.-_ ..“ . l" . "y
FoPa o g P
L) Mo x a x m SN ® e ) e_x * i & XA N XN LIETE N rot " Tule L & & i L =
. ¥ x_mm ) 'y P B i Pl 3
e nfux”n"n . .n" Tatete l"l ORI 2 i o T o ne e e u" e H....”
; d rn x Pl L) .
¥ el A A ' ) r w4 a n_E ) L] K Il -_ll.rlli m " ™ EE XN E ) o Lo )
L) [ X XX L K. x x i i L] * * i k x r - " i o & " ' r ok LN F - P
+ o - 4 E K roh . oa & T | g & & A X » 2 " e P w ' a it B r ok )
* i W b x * * e il L . WA 3 A » P o w MAALe . e m el B
¥ ol i A Ex rh L) X R A K ; e " a " > " iy r ' T E g d -
» XX N K . . e A A s o A o e ] r e N Xow . "
T ' x A b A rw R X e Ew o e ML . R . T T e
- X oy o« ] - ar N o+ N P T e e I 1 P N ) " . i P )
L) i & N LI L L ] A T e P P e o aa Rl NN Ll | r s Tl r
L] R E AR L r L L a it o e i x S e e aalal ) = ] N M = rla . el
% XN [P x L i e e I e ® e o o I, " el R =T, >
Ll L i et A X R X N x A ] M e x xa el X *
Ll A L o TR L ™ e R R " el " w ol x P R " =T e o -
E) X ] A o o X, LA, JE P, AL » r S e o NN ) - ] . a » X & o aw L]
- K%k R XY X ] - r % K A P A R N N Y Lol iy dr o | ' r el o [ i -
P . X R ] R & & E L e Ve e g o ] . ) " El r XX *
- EN x »wwex a ] -k i N A el M - e BN ' o ke W i |, [
Pl . N E_m * - > . e Tt B ) ) . ol r X u e X a *
. . ; x i W i x L . N ol i )
iy e " r - » i "y ! - Tl e T e N e e . E *
"o P e x "X Taral aratas x x S A e e e N P o " SR Lt e oo "
L. L e T A Tu 8, o - e LM o o w RN L ] L rode Bl I N - NN -
" . b e " ] L E L] L L P e a i w m o N S N x P x o) " A ir
) L e a e KR r * X o ety Pl o R O e x =Y KA -
. P e A x o A a A " - e e N P s i -
W - W i o gl . oA r rE i .~ oy T R e e
N e e A ¥ 3 o KA & a0 " P e W R e o r
P Eax e x A ) ¥ rx AR R A A A i ._._.r ) i . L e, S gt g L
5l w x w m ¥ " Ny KA Pl s s " : P won o N P e "
" o Ex A xn] i KX i } i & ] K . o T e r B e x i ) -
’ iy .._. x i ur -Tate =l ¥ » x / 1 I / . *
S __.“.-. ”v_nx ) e e N A wiat i . u . s ~ ._r.n“ H.rHi l"au “nl -"J " ...r...“- "a" .H._._ "u”x - "__.Hn .
. v x x e m) X E X - i i . rod A ] . e ® ! ' W L 4 -
Pl  x W - x L T s ¥ * ] ] e P A r R x ¥ "
x ’ ’ ¥ x o x ol ) * ¥ X . o
iy T e 5 ¥ X - e ol g X - x o e P o P i i
. ey o ) X ] [ P & odr dp b odr b b & L] L | ) | a kol ., | Ll E N X M_E L
» Ny A xR I A s sl el ol s » [ LI ' Zl e . R o .
. B X 2 A . e e  a a  ey ol e o e e . p g 2 ~
R N xR NN NN N nC kM e M A pE |3 " o L - e el LI x L
. Y ] . - Ol = -
» i Ll xor i * * * - * * "X » i
. R X PN ¥ s ) A’ b N X x " O T i -
e AL i x - R g wrart > 2 L - » PRl uly B A e e e e i o
. . . - S .
» WM L L] o L ot - *, n " " ) AN N N NN N = o) x X i
’ A s w3k ) | i ~
v L X ) o ¥ g ol o S N * ! » R e R S 2 ) e LN
L ) L u o MONCIEREIENE NN RNt BN N A e e S e , Kol . S e T e w e Se s o
L A A L) x_x ] EX T REX XN i N a . w R dp g e b dr e e - x ] En o) x ™, e T w3 it i e i P, E | -
5 N R " x Iy x 2 mmxxr N A X R e - O N * oy i N M A A o
' v Ll rxx xR N ERERRr AR A DN st ) P e x A 3 A L AR I e P o 'y
g Ll " e mw x xR . A " N R S N el e ol - e e Y - : y a e AR M M . e
' e Ll wx x W Na a nullninnnannl ulllluu . D RN st ol  x ] S o  x E L s . e ' .
g L R e B M L N e w ke o y N R s el el - u - * N * ot ’ a \ e L I N L R P . '
& % rxEE R E . o W TR A e W)  x ] ey = B .
! T e e L L A R, R R | i ] H [ nl L) e i - " ' i e R - '
A T e e e L L N O e =) e e P Ty - - i i . n s AL > o
- ! [} [ ] -
. UL ) X u e NI r x ) v & . L . . . x
W e T w e ] : ) " ....-I-._-_.u_... - x I - . . - ) L3
x r o N a e E E * L :
' H....“.1 Apr G " o P o s e P e o o o = & o . r . .H ..“ : . " IH.q
. O ; ; Y : ] . ;
r X N -y " " X ¥ - . % Ly ; L . . . ™ -
W ] i rw r x W ] S - - o N » N . u .
woaoa e ox ) , X " X ._.._-l-._-_ A iy . i m ’ x ' . x i » Ex *
iy r x o ] s - - A o B /
' ."‘?ln + IH.II - II.!S. o - T & " - » ; - o » i.l.;.}i O it y - - 3 HI . ..l.__ HI 3 . _n. IIII ‘j.
PP e e e S o, -_ e o " P " N e o R o T = PN ol e
4 1 L o " L] - L]
. L) X Y rx n] .__.-.-I-._- 2R o & - * Pt TSI I X . o - s x e EE R X
LIEA x e u r K n o Kl o gy Wy *a - Ty P e ol e A X . » . o .
kst | * 2 W] El ol o) Bk W - . PRty e E Eol ) » s 1l L T
e ' - m % ) ¥ A U o) " R ; gl i x R - o x x e w x o n
. PR, A X 2 o el ok " . o L A Ty . .
o o) o e e e Ll - » "a x U i 2 ) J
. Wty o i x L Bk W - x T P Py o A e e u e g * e ' e
W o o “ xR’ e “x N it e A e et i . Pl P A A (R x llnnnx ll-__.xv_ L il ' ) i M X e
: £ : Pty R - )
4 A e . " e * M N " . ur o W e xx A x ] ' e n e U
Ll e X K x r vy ¥ R e * Pt . Pl T A T e - X X - S ® Eoal e x e el e
L v L L i . o e T ul i P e A o . Ve L - e
' * r.n..“ L x o ol * T * P [ ey ¥ mor o ax m o SR . o m . L0 a0 A ) | Pl v x L x A ]
e A A R R X i o * T e w7 o . . e i) S e wrw n N
' - s " ¥ " * e e ™ T » T P A o 2 R e L N M " o o CE
T " i - A *, o T P » . U e I TR e ' e x_if] NN x = . Er x o N
' L XX EE XX x x - e r K e e e a Pt »x o A AR o ] B N w  m aCal A - L | s e = x_ap}
L mE fgl » ¥ " * ' T S "l S PO A L Tk e . T il RN E
* r.n_ﬁi " * * T x a bt » ] PR xR L, B L e ' " s o m ol
LU L] . » . X * x ) ll L a S b B W B i i d ' o e i & 4 = = F e o i
. ¥ " ) » - o A
: H.__“ ) H :”xnm x“l Pl " T A e St . PN N n"rﬂ:"l"n”n H.___.._. R _-_H....._.r.r.r.r.wn...u ' ) "n" . T -H.q”.__”.”.__ni "nnn" n"a"l.- _-_H..1
LR A . Ty T T e . L ) ) PR e o o ) g Ly oy G N AL e e
) I r.n_ﬁi a ¥ * e e e e e e N iy - S L e Al ox L x A ka - ™ u . L RO R_r
e .__xlii 2 X F B | P x e e . X I L e o ey A o N NI x X L
. w = ¥ 5 N Ly bl e i » o x e e I S L, o o ; P ! - N T at "  a T e
. ) ¥ L L o e x ara R e A R R b - ; - S G N et gl g
LR ) r.am x x » ¥ at T, e " ) iy, PRI e S g o W wm s ol L I " ur
e i . L * L e, A N e PR e K L R / I A . e s e N
' i = L A X xR ) x i e n a Ry . D * ay i x N ] o N . ] LN x o m x x_m
A r A L x = * X x X i | Lo Py A A ’ B v e S T I x e N
. LA X X x_x e, x ot e A i T ™ g™ - » PO K X L N . A e ] P PN X R
e A =N " rom * nx R L, A ol * - x w s o A | o Tew x xW oy E xx N
' LFCREE ) nn_-ii xx . x . T, o o r aw PO G e e A e e ] " v Ve ¥ e a T s
e " X o * rX N L, e e e T n oy P ol BN o e e wx WA L R m o w  M
' S o * o T s e NN e Sl T o LA T n Ay Al XL
. -__H"ii | A . K. . " ¥, *x g T i i n o e . ¥ o x ) . PR A e A M i A Talw g L E NN A« x x o e
e . A o i L o i T el A o P ™ g ™ BN, .._ n P e W R e "y PO o A e e ]
= Ll X e g . * rr R s W e et s ] ) PR e e a ax R " A ) 0 e rx i L IR A x m e x e al
EE A . x X B e e L x i T P g g ™ .oy ¥, o S Ol o e ] L T Ll . N T W
- e x e e T R " et T N T . ¥ ) 2T P R o x] - - i B a Wk
» r.nlii x X P x e X | P O B R L. X . ol AL L L o H o X -l POAICI x e m i e
] - axlll xR A AL L A e e e T e e o T T x ¥ o ' e P e e 2 RN = e x w al a
7 o x x LN E »* X ¢ X L B | [ ] x L N RN LA - . o B, P e e A " W | ' ) n_n_] LA =~ x o N L i
» Lt :xlli R e, o e o e x Pl Mg - e e e e P X ¥ = 2 . Ol ( o " g S e  x W R = e )
. U | F NN X w s e X a  xx w x w L ) i " M e P PP . . VT = P e xal  w w w e
" LICIELN e X LA T NI x| "X " L e - O KR, R X ¥ . T Pl T i | o aw i N X Ll = w w oW
' i Hﬂx x K LRI N * Fr R X X i L w i x L K N X RN L .Hl P e m P e o "N ' o T ) a3 LI e a x ol M) 8. = K i
[ a - w axlii X X Jrod ki kw X m " A x L A i L B i B L " R, e s x A e L A | R A X [ e e e 2N
' L LI KA e e e, A i i e g o o P g ™ N ] Pl o] 3 I N Ty = - o a A R
: s lxlm % a0 u » x o T e WL A ) 2 m X E x ] r ' x ) Bk s AL S B .
' LI K ww xn oy - T oy / " ' o X Y . - u LT e al el e n
- PR " % : n w3 - T g L o - " g T " o P e O e S e
'  E * ; R e e ' Funu® S ar X roA Vo N . . TR X
- r lnlii X n x ull x = e - a ™ R P e m i ) e n 30 RN~ x w x w3
' x e r ¥ e e e - Ao P PO e N s i - PO e e
[ ] r Iﬂx el L | x N | | LA e BN .- - B o X " a PR Y PR R - i a kg N R Ere r LN
A x » e . P e x " e - e Al T e m
»* L Iy u L " i T W SN A | T wEy x - < PR A ATk s RN x e m ol
) l:nlii xnu..:_..)w_n T ., . e e R - o X Y e e - ) ok L ay e 2w o
[l Uy nxliii i . x ] x L ) e T Pr B PP e TR, a0 2T B s o T o ) w e g
u e x o o e aTr ) L) XN e e e e e L .k ay LNOCRE > 2 a o w n a
» U "X A 2 B N ) i N SR rx e "y n " P Loatn e w2 iy BA e s xR o m aa
. o o x JICRCEE T x P Pl A * T W A A [} x e C A e ) . ) i v W a ey Ty X Lx x "
L a_m LN R_Xx x oL I e ® T iy Py ol 'y ; ) B de b de WAk TR " - 4l Bk sk 2 SR ) EE L)
! el r.nmn xu AT N e i o a0 "t 2Ty U iy " . X ) W A R ] . A D) Bk 2w u
n axlih xx LA ] L X JE P . ) Pl o » m W L L M s PR a il LA ] N ] o
' o Rl A L oo " e "W * E ) x e N L I T - L Aok bR el A e xom
| Lir " 14 X EC IR T X " e e gy xR » ; R M R R | x - i 3 A el R o m ol
' | A -r e A e - oo x o " o xR Lo e ] . . - o  a ey aTa T x
| L LRl x 7 B NN ] - X b n JE o . L - ! i ' N . i ‘n - aip B &k d 2 o L m x w] L
. u aa . i x n e o o x "ot o e x ™ P i e . Y C A" o
) i ] P A X w_aL O i XX i " ro. - . e T e e e = e o x = x e
» A . g X A * - r x'x A x e - e ni . " S et W o kW oy
| L > EM - X A E ¥ Ll - & xR xR | T ity B - > X P a g i A b X » E i X
. ol N P al e e A - nx A x * e ™ ™ T x e i e W . A m al
; xm n e A N x - ] A ¥ " o ot = . ¥ s T Bk kA x - 2w
' o X i = | wam A ) X wK " " LN . T TN N . ma
; 1 r ! « u m A L L L E a - A x' Fiu »
: o A L A A " " T v sty e o . A SRR Xl PR e ™ e T
L ] Mo R X e i - e - n Pt " > s R i e LI R X ) iy
) A o R X -y " A Y n RN ety o . 2 S [l i T .y - e
. o ' x O o * x wy e x . . s . ' - - ey O
] E X xn ar a"iil » L o G K. PR - a7 rxm = 2 N ) A x> » A
. 'y N x P e ) x *a rx Y s e a ' T e i R
) ) Ko e T X - i) 1) L . X s ' x 2 [N x » 2o
. ™ o . - L - x o 2 L . . ' w o W e oxow
» iy « - A " K X '] - . ol X m r x a 4 [N » e m a3
! A EE » r x -
Tetn “ . " p X Agmm R A K R A NN et .-_H... l"v_ n"a: Ve HHH "o H...""" _-”.........Hr“.__” P.HI » “xui" H....H.r
. .
) » v R S, - n o o ' i rx el x 2, O » L
- * . e o = e N - " L) r S . . x - N LA el
) » ; ; . » e a MNEE 1 o o «a LT ) | » X N
T 'y 4y A - r e m xR K X . - o - LN x L ¥ e
S | ; e » o T e i e ’ . A N E rw r e Wik aw » e
Ve " g x [ o e a e N - '» e " e - X v o m Lt
- [} N | - [ ] l“ﬁlll.ﬂ.ﬂ A N z'm A i | r P oa X a N = X L
- [y 1)  dF » e A, i e - et a ¥ o m e
) o) My - I W i S % G . U o T al s
Cew 1 x n e ma mw o x w ala o b K " . P X A
EN Lt X > R o . Ly » w o r P 1 Tt ) L i
A x o 'y x N o . x s " e ) ¥ I
e ) N » o m e x alalal - K e - .t PR - e
) » Em o x ; . o w o x . e x i
__.II-_ ) ] XX " X n B A E A - A 1 L ) |} L » A x L
r [ ] x B L * " [ |, X N roy . o X X I L &
by X x X ‘" ¥ A " a x . wa LEF e R E R % » ol
'l X Cee. . w
__.“II-_ . s x e "N " “..1” s n”nn nHil RN .." nh -“.__. ) H ._”Ha » o
. S .
" iy 2 " n " e ¥ I m s, m e e KA = A x e
4 . | | x . ar
- __.“1 . -_-H.._ o an o - e T A X “...H = lnr.“ n..Hll ” Yt a“n 1 -“.__. . H&H..........H H - "rni" -_H.........r
x ’ ; XA " LR n . x 1 -
T ] o W L o Wy e T e o T e o
T N iy . * x x Wy 2 w LT E . e et o o
T ] AR e A ] * x I w PR Pl e W Ll A A
- iy M P L X ¥ _2 L} . ] . & B ir i = _u K x u alN
L) » L A X RN * - " x - e A7 S ) T X X
rdp 7 L] o odr i o EAb N ] Jr - w_A L] . L) ] . L) o & & i i ] L & i
v ) e SRR A . - - - " s e TR e ' K )
a L L g dr A e i o w x [] L | ) . ' e Ly [N i il x N L
t . ¥ dra X R ER MR * = " x - . r S aTa I N ) v A ] o x n N
. - i i i el EAE - - | .. e T R W W i x nox
+ X b R X e * u . " X x e ' P x x i (3l s ol o x x u ] oA n pa
. iy ir | . » K - | - - - Cm e o - w LN -y | i
" w Nar S x u s ™ . x P A A i ) i A a e
. Ul RN A . " - ! w . N i L X N K aC
¥ Pl o ¥ ™ w ez PR ' e K L] ™ el . T
. u i Wi - " - ] X . Bl R N ) 2 XN L i
+ L L S A o e . * - L3 X - ! - » Az A ) e A Xy ol
L, A X L) i K . . . » i
" r = .-..-......-..r........j.........l. HHHHIHIH! k. I L] II . IHH .-..__ ! o B > lﬂﬂl "y l.-_i ' l.l.}. x HHH - lﬂ..ﬂll -........ .
. P A il .- w? n - . * ¥ e atu'n Pafig T T
L k - n - T
. - " L % . - ) .....\“ » x e x A
X - AR T EER ey 2 o XA
E E K - _nl.; 0} e a PR N X e A O
x x - * BEE R o EEE x m X Al
. = . ._._ * - g L i x 1L ) x & i Oy
B s - * n ) P BLE S T EER X A
. ] x - * n o N A ™ i B
x - * . " o e - x B
v E A * ¥ u g . " TN ) x x iy w i
E | - - . » 1 II-. s
. o o Pt Ty " o T U e  a o n o el
i . E i . Ty ¥ . . St NN e I - e
] " CAEEa * . e z v x Atk
. * e, ’ x Y o) . o i o) S
" ] LT * . x . x . X XA
ks & " i r
" & Tar 'l . - | W
i . LN ) + » » r ] ' x L B &
i u & - & B i .._.....-_ - . - ¥ H L o i
x e o x MR . e L] i a r b "
i " n" “...H...H...H...H...H... ”nnnln__.ﬂr.xx e e e e, st T e T X “ K . n._“ll -, x“l "a”x" _-H...”...”
. » e Ty o e i R e T r A ) Tt P . - ) i | LI
r ] L4 LI I N o e v x NN X LN R i, - il el i ' x XA L
oy ] ll......r.r........_.. xx i o o ] P - . b A [} LB . - xu L i
- L n LN N . AN * o » ' = m o, R X B A L)
Eaals aae . M ) - ar - ¥ 0 :
N o e . bt AN, . Ly P "-H.___.___ " nnn" " H.." nnr.n "...H...H...
' ol - . 0=
N = n x tata " s 4 * o w o x o A et
Lt r Er ook L E R r L = " » N L b & i
LN " x x " - i N % . x_ ol BRI ] KA i
' Pl ] ]
iy " n i x " L AL " o - ~ ' T X i A
. x'm r UMM N e rE Ll R o . - W X L i
] e - LI N X N X . P R " P ™ s xR = G
. .
- -, ] . E_x - !
N . s Y Pl " ' ¥ - P A o ' ' o o e
" " e " A ww i i R D I oy o Ry X o
r r i [ ]
. "R Lmx N e e x x CRE ) . ety " e ) » o
L S ] ® PN e e x o x ¥ ' w Pl ol ST, .- . N o
. " U'm W e i X rw ER ) o N - Ty " o
- \ x K L) ] i -
r H u nn"n ._._”....._ o "n " .rH...H....._......_.....__. w R A X e e . I A e . . " “__."ll " ..__..___.___ Hn" l”nn
] ; . i - rx
. E ] i - LM X i EE a4y & P - L . L) L B X
r o= e e or ¥ N & W ] k. EE * . i e - - M
= N X i s om L o] L L) .3 ER N & i o .y - lllu | 4 i
B x 4 A s Rod L x & & i x L] L s . X - L] - x L
. = x i s w L3 x ) r "N Pl W . . - " "
N i or ko h » i ] & & i X . EXE & i & aw i . . x . x u A
« |4 ir r m & ir | L | | & i & ™ - o T H = | | -
r o W ke r B & Lo & & i & . | i A & i ™ || - | | | ]
S N ] . A R Pl a . . o
W e dr & Jodr & & || & i b X k. E XN L ] ' | | A
O . ur X - " " Pl s . " i
[l X R o | & ir & k. E RN L ] Y | |
O - e ) ) xim ] Py . x o
- " ® N ‘x X E w
X n"..“ ...H_-_ T o Bt x S * s o n“n" B 2 TR R e "rn
L] -
B x w Pl = a o . . w K = v aTew o | RO SN X
[HE N B N & HE LN ] k. Ex N L] ol | i T m :_.._.....I-. o d ok A
= i T - T arat, 2 e T i ' -....._._.__-In_l.q.r.... x'm A
e = x Lo e W ir iy x X o e ™ e LN LA )
LR L u ar dr e dr b i & Jr | I L ] xx m ' ' . 4 I.._..._.._.Il-_'....t.-. x K A
. A Ul e n ) P e = a x w ar x rxm e o e LN w ar w
D x P e = ™ oy oy e e e CC NN " ir llll . . Pt R B b AR A d B o
! e a2 o ExE ) .r i
R o Lol R R " - Al P e e e e e T




US 11,774,607 B2

Sheet 9 of 10

Oct. 3, 2023

U.S. Patent

- WAk i kR & s R PR kR
R AN o o g e T o PP PPt X B B a N A PR L m, L e A A s N LN A N ' .
T I i B L T L R T, N iy .
e T T W I o Ly Pl M PRI N i o e o gl e % x
w0 e e A ] e P I PRI e o o e P g L e -
4 r o d X B H EXXREXNENXAXEXATAXAARETRETXTEESXTNE ™ & ok . omdr ] L, ' EO N I_II_I O dr O Jr dp o o dp i b b or o L) L3
w e I e Mo M SR, T i L . e A T L =y -
e N U . Wt P L i . e Ly -ﬁ? e S «
w e T e N y Ly oy s . e - -
R o N W Wy e . Ty s e P * *
ur ol ni N o R . . e N i e '
ol G 1”.1.............4.-._- o A NN Vel o e e e e e A A A A A A e e 1.4........r......h...H...H...H.rH.rH.......r.r..1. .”.-_ ..__H.q ll“llll "a“ "a“a”x”un”n“nnaal 2 N Il-_" NN N X o ta
L RN L . "t e e e B T T T e T e Ty "' w W T Ty 1111- T e T [} .
ot AL T o e " N N R P, PN N I ; -y r'm o x xR xR T el R A - o
& & a v A g odr e X A M M NN KEEREXEREX RN L o ol e e e e e O N ) [ I R Sl i T R ) . om X F R R X MENER & i I_II-. | ] i e b A dr o odr A b e i
ak e e T "t T BB o T T T T e e - _r A A A o i T e e e "
) T e, o o o o o o e o T e R R R 'y e L L e e e T T e LTy " " _mE m K wa A N Faly " x L A A sl ol al e » ot
L R o o e T e R " P R e A R T g eyt i S N Pl L Ll M N -
L T N T i - S L Sl it N, i Yy LR e o I T R xR Pl J‘ - Ll L 'y x
.t N T A T il e ' e T e T X e e e e e e T - o w A e '
AT e T T R et ) i i e e e e T raal - N PR o EErE R BN R E X x - " wow T e e i
Ly e T o e R " B e  a aa . e e e e T Ty EaEx AN R E A Pl e LN A ) L
) L A o o o e e e Pl s el i » e e e e Ty . wowm o xR x AR R aly » n e al ol et i .
P T T N, et T P ey iy Mt My Pt Cal L N A e ey Sy R .y ER EE N EE R A N s N N O e o
= A A T e e S e A R "t s T T T T T T e T ol » T T o T T T T e wTn R e K AR R T » U A s s Al N x o
AR T T i ottt T ) P sl okl Cal i a o L T e i g iy ] I o w » R e M S R .
o L T e T o o e e A e Tttt : L L A o N ) P - N L A B L KN e P ) o L L L u ot
A e o o o e e tatah T ) o ) x e L ' ExaN AR X X w n ok e s e .
. Tt P P e e e e o o o o e o S e e e T A I S S Sl T S ol o Ty e T T Sl L. i Pl II-.| U o Ta e aea w - "
et R o ettt T ) A N R A R, Pl R S e ' x x o A Pl ' . LNl L M el
b T o o o o o R R R RN T e e L ) ] T T T e T T Ml ) A T Jxr (a x L " £
totat e T e  a a E E E "t ) N A e el W - N A O x Xy N el - o T e o .
) P e e e e o o e o R "Lt o e T T e e e e T T T T oy ) M Ol L N L - " . - L A e a
Pt e T R R A R e L ) o T T T e e T T o) e e e T e =Ty Y A alalal) . wla Nl ol N e e el e T x_ A
atat R e, . "t L N N LA W a ey i d e e deoa e Pl ) . » 2N X PN Ly [ - LN Il W e e e AR e 0 b w PN t
L R e A et T ) P S Lol B a e e de e e i e VR e X i W - - Ve L I S v »
At N o T o o o e e R R Rt ) : T o ar T T e T e e e T T ] e T T e e e Ol L Ll el o W TaT Sl aly i T e » .
totat L e, g o o g e e g e e ot N N R . Bl N A P e P [y Wy a2 A N T .
et aty A e A A R oo T T T e e T Y o e T ar o o T T T e S R R K ok - wara ) Lo R -
e e N A ) e e T ae e X u. » o NN ol ol wa e Ty "
e, T e e e o o o e e e e D N~ e P N o xR Sl ! m w et e L N N o » o
) e o o o e R w e T N W T T e L o aa w w *a o LN e o e
P e o e e e R e e ) e T T T T L A » x - woxlat T A - "
R K L . S e e a L N o o W X Tar > » s e . L A I N ST .
e | o o e e e S R S O o L N e e e e N » » al aox a Bl R M M M » *
e T o R R ' N N o i ooy T Y R A A A e x " aa wa T N A o SR "
B T . N L S il M e LN e el s aa e L UL II-.| ) N, % . Pl alal) Lt e » *
R e A N S ol S . L " xR e *a " e 2ty Py N N R *
T N N N L .. S I S T LN xR X xR Ot ' x 'a 'm X al ol L et M M » *
PR e ., T LY, T a L A B N X Tar ] » w st el ol L M L W I A
i oo, e i o e e T e N Y, ) e P Ol » D x x  a T Pl L - *
e T e e e ' A ) i o oy T T T T EANEE R A A xa » A x s wx T L e R A
) o TR g e e T S NN Ol e e T e T T T T T T " XN ur ) w il w x| Pl ol i o o T T T e - "
o R e e . e o o A ) o T T e e e Ty Cal i e T T T xR A e P » wox o e x x s = TaTa U N M M T -
i T e e P e e i A e o R *, x N o a (ARl al a .y Pl L s A N - *
o A N R T, i : Lol L A A P L w 'y T R M L LR '
o L o e e ot ) N N N R A K N i i A wx Pl L N O -
L] Ty Ty o Lt et Ll R R A A e T ™A A ) [ L) LR M M A SR .
L L e o i . L Aotat ox L A o o) o a x a "y . ar e W e AW ek a - o
et R e 2™ e o A A A R T . ar o o T e e e e L) M A A e o R A A Pl o A x st AT T N O s AT
A e e o o o o o o e R R " Wl T T T T T e T an T T e e T T T N R Ol W x  E et T N - -
X atat L T L g o o o e e T e R ot . P o N N A RN, ww N A N e e L ) e O B a0 A M A N . .
et M I - "y Futat N N e Pl N R o R K e ur x . xy - S e e e - )
L] R e e i A e - - e ; . L ol o ) A A ) e N A M o aCa : *
L B T =T ®atat L) L L A ] o Ll i . S W i a T L . - o
. N Kol e : . e tat Lot} L N L N rx o ¥ LR P Tae L L L .
L T N e e = e *at, ) It | o ) XA - n x a . P W al ol - o
*aa® e o e e e T ol - o Y Yo T T T e = x o A X x ) o s wlar T T T e a o T T T : .
T I e | o o o e e R R 2 O, *a® Cal Bk T e e T T " o o e N » - Xy T e L M M S -
L] Ty g o e e e e Tt " L W T a a T a ea i T e T x " ) LN L) N L M N : *
- P e e e i Y L " R R K ol o » a s . Pl W i i i ek b - o
At aa®, e o xR N ar T a a Ta T  e  a o T T e e e R x L U A wa N S M A
P e T e T T T e T T e N o s ol O x RN e 'y x U VT T Ta T T e e *
otat R e e o o e o il T e P A RN N A X T e A ) A A o Fa O A .
P I e e e R P N B e e e e e e x BN » a a E T e e L Nt s e »
) e T X AN K KA N AR P « % MR N AL NN o -luxnxxnnfﬁ P . LD PN ate
o LG N O T T L) P Nt N M N I o e wme  S . M T e
Ll RN M e e v e A e e e e P L g e e e = T o e N . L e pl
- N ERE XN R TN - Sl " LA N N RN, P N N N N I - e e . Tt T o
Wl RN A e T Tt o ar o T T T T T T e oy o o T Yo T T e T » w X X S A A xla e .
ot B e e o R P *a® N N Wk T e e e e T - xR N Y Y A '
L AL LIRNC NI x R R AN XA AR EEAEN o Tt i, P Pt gt » e A e A A W u . x
o O NN x A PR ol ol L3 e i e e e e A M o e e P K g B o e . ST, :
L o I LT, i e i A it [ ) n T u L n X ok L Ok ke *
i RN x S P L) AN AL N N SN T T o e N R .
L m T e i e T o N . N AN A X Ty ; LI i X
s T T e N N AW L) v T e 4 . P e,
Ll m T T RN T e T R o : g o g e ALICLH ety i
il o T e RN a2 L) ; i A e S o
a e e G i BN i P e e o o e ﬁl- : aas e el iy
il CR N i = ExXx A R R R AR AR TR R R E R AN PN L) M T B .. et i x
. L ERERRRE R TR E L L / ( ; i T i Pl L]
“.-_H.q”.__.“ o .n.rH...H.q“-_ "lunnnnl "__.“nHxHxHnHxHnHr.Hannannnanaaaaaaanalalal"ll Fatart Ty e, bl sl ot R Ay . a e e "- "__."x" "a"l"..“:“:”x”n“a“l ll“"" 4 A T * o "o
' . T o P IE N > - A L o
i e e T T A Sy i e e R e e e e e e e e e e . __.in e o o oo . s
A ) e o P o - it e PN N N N A . L I T P A Al o * ks
Pl LR N e ER XA R AR R TR TR R Wy L3 R R N, > ) A N LN R oty o A L il e s )
LA R e oo o e e e e R N n ar T T e e T e T T e e T i x X A i - .
s e o T T U N = % e L) RN N NN AL I, T e e e e Tty T . e - .
a w T o e e e e e =T T L T T P e P e e XA L) a
w T I U N rta L) e e e e e e e AR N LN L oy T N . w A .
e - e A Py T N N A R SR, x A M o T e T e T o oy T Y Wk
.t . o o T T R R T *at N N N A R - i T o T e T T Pl I "N a s .
T - L R " A N R e Rl s ™ o g™ o rar e a  aea  a ea ) [l a w xw i ! " x W -
. ' o o o o e R T Fat AT e s Iy e x ) & de e T T aa e e uT el - B . e
.- e "t TN T o PR > / T T T T T e e W wx wx xR xR . A iy 4
' e " " e e L . e vy e e T e e - A X x L *
T T Tt " S Sl S ” ) e N N - . o e L T e L *
. ExX xRN AR TR R R ER R ol » EN N St e R > = A gyt A e e e e e g e - X i e oo P ; Tt w s e "
' LA RN R EE . . vt o l..T...l.....t.t.T.t.t.T.r.__.rl-l ..__.-._.H g, L I - i [ | RN NN L o odr g dr & & o & i b odr & R K & k- &4
T e o e e o e e oLt ., N S N TP - e N N e rw e xxww o e L M S N *
RN N e e m e w  a a  e e ee ST Ty X ) e e e e A e e bk e e e e e b o o IR A I P N e P T L B M I N T
LA L R i A s T o P P e P e iy - & i de d d e b drde b ode M omom Y L X W i i kv wodr i & & dp o b d M ok dr ok kT *
oo o s L et e o M O L e - & » | x o w N L B e ) B dr e de B Rk ke b o L
N A R R . » i et T i i, I.II_ W dr dr dr dr dp de dr dp dr dr o T roa - Hll XX XN X L ar i A e i & i de b o & & &k g b A on o *
T T N et T L Lt L " X A G e e e b N . B p T P R M e
o e B | e e e L Pt o i S P Pt e Y e e e e Ty P, o L o a i O T *
T =m - Sl 2 N T T T e T Ty - o e e e b e b e e e . P e R " T e N B N e T wta
LA E s e . o " . - T T L . ' o i o - L ik ardr U dp i L N ] o+
IHHHHIHHHIHIIIHIIIIII e At o e Y e Pt et e e i dp O dr dr dp Oy dp dr dr b drom ok [} EEERERE®RHNX & i B NN ) L I N R Y ) & 4
ExX X AR R R AR R E R RN o I w2 W e e e e e e i 2"y " x e e X e oy o R v PN N .
N LY, T, L o e g ' - X x o w e LA
N e e - ar x " o ey e e X e e Mo I N ¥
WX N A N X A R R AR X R R RN i . L xSl P T " T iy T ERERER TR N X C] A ) -
IIHHHHHHHHHIHHIIHIIEIil..- b e T L '-.H I_IHHI_ W iy B dr dr dp dp de dp de e dp kom ™ [ W P R RORE A A A N X e LM i A e L
o R LT T oy N it o L N R Velw P ay . A *
e S o T, e i L N O [m xR KK AR . W e Pl *
i el A e e T e s n LA L el A A A, Ml
A - w2 N et Al R, e o e e oy e R MG Pl AL n
a A A A R e e naa LA N N NN o A X L R R oy . I LN ¥
ol A » v i e e e S e e vl e Plafiy M ot
el e e e e e e e e i " Aty L e e M Pl e
Eala ExXxA N TR R R IR AR EERER w2 = e e i eI Ty .
Ll A A 20 " i . L x il e o
e I w ] E ¥ g i e P,
LM T i . . . o R e i o o
Pl N x o Ly . e e R e P -
A e e e Ay " T i s . i . e o,
G R R L M) S ol L xla" e * %
HRE X & N & NKNXRERERENXNEREREREN ' L iy A » R K o L] wodp dr i e L
". I I A . . va .u.._.-_...”.an.q”k.__ ....gua“a”naa e a e Al ww Ty atat *ata
" -
EH 'l.l W Iﬂ ¥ ey R RN x| l..ri ' .r}..:.b..:.}.l.}.l.il. lﬁl.l.l.}.l.b..r.__llq #l.l.l.j
, A e “xFatataty B e Yy " et e § .
F] 5 oa ) ' o dr i .._......r r 1.r.._..................__......._.l..-. &
b x oty Yot et e i L]
x o A « .
e W e A ek e s - n M A . LAH e ot
.-.._...._......._.......1......1 Pt . " .-..-..........._ o E o oa i.r........._......_..._......-.l l..-...
Ex x E A Ex x ar o a a  a e e aa E ] - R i, x
lIHHﬂﬂﬂﬂ!ﬂﬂ!ﬂﬂﬂ!ﬂlﬂﬂﬂlﬂ!ﬂlﬂ Hﬂ i}.l.b.b.”.?”.?b.l.#l.kb.”}.b.b.”b.”t”.?” " l.l. ” a v II i .T.r.:. .:..:. .:.l. .:.l. l.l. ¥ l.l. l.l
e e AT e e e e X A v e e e, . n T Fatel
Va !
= e I ERX X xarxxnne e Rx .o . L1 o . L e o . o R N P ¥ P Mo
R g oy e g N . 4 RN A e e N » R L L e e e s - Pl e, e po
.-.l lIHlHxHﬂﬂxﬂﬂﬂﬂﬂlﬂﬂllllﬂlllllll LT X k _-_.-..........._......._......._..r.t.._.T.r.r............v.r.._..r.t.._.v - » 3 !HH i dr o 0 Jrodp e drodr Jrodr b oa .-......r.._. X ll ....l .-..-_.-.......
- T - , . Lo Bl I / ; - ; J Pl '
. R , ’ : war o a a e e a Yy iy i . M
.-......1 IIHHHHH.HH.HHHIHIHHHHIHI e . : ) - .-..-..._......_..._....................._.rt.r.v.....r.r.t.r....r.._.rn L !u_.H .-..._..r» . . ll P, .-_.-_.-...
« U N N R Nt o - v . x a0
x s i M N N o e R 5 xn o
.-..._..1. & 4 b A .._.r.r.r.r FU ey .r.r.._.r.._ » !!H :.l.-.. . - P ol
iy . it R e X PR T I T T o ey x n f n T .
" e T e T  ata aY wx e ar e e a a T a To Ta Ta Ta a x = . X
» T e e e e a o e a a a a  T  T  a a W u e A
.-_.-.l. e dr dr Jr ko b b b dp b b aon I- . IHH .-_.-.........r.r.r.v.r....................................l..r....rk.--1 nﬂlu_.:. & i .-..-..-..-...
.- " X dr dr A de dpdp o dp dp e odr b A om i i . o
* r Al o T T e e e XA BN RN ML
- w x o o e T T Yo o T o o T x XA oy Mo
* . A o e e e T T e T e a N et ate
L & - L]
" d o dd b b dr Ml b e b omom IHH l.l.}.l..rt.rktb.}.l..r.!#l.####.rb.##.r ate R IHHHHH e h.l.r....l i.-.l.....l
- T e e e x x o o T e e e . L oy M
X L SN .r.r.r.r.-.......r.-.......r.r.__ a am EHH l.........-.......r.._ .....r............-.......rl..._......-...........-...r.....rb - lHlﬂﬂﬂlﬂﬂllﬂﬂlllllﬂﬂlﬂxﬂﬂ Py - .-..-...
ar o o T S ¥
# ! ; T e e e A e T e T T e T e . R R R R ke xx x e S et ate
w IIHHHHI | ] o L . " 3 P N N "H“ l.l.........r.t.._.T....l.}.}..r.;..r.......l...........l.....b..rkh-. Il"l“H“l“ﬂ“l“l"l“ﬂ“ﬁ”ﬂ”ﬂ”ﬂ“ll _l x. 1.__.._.-.......-_ .-..-..-.......
X T J o e ' ERREMKAREERERTXXATEN S o 'ta s
. - o " EF R A E AR AR - T
X xx W e R R R N | m . o
g % X St I A A A o x ) LAl
e w ety o xR X aax e ooty e P M
e % = O lanaaannnnxxnnlﬁﬁ EFE LI
™ 3 Ll E R KRN N EFCELEN X i
L * x - EXRNEETERERER AR » AL N oA
i . L) R e EE R Exenn » - L L
R xR | ., o » ax ¥ a i L L]
s N v_H A e T e e 1”._,H.__. " ..“a"l"a“nna“a"a"aﬂn“anxﬂxnlll o Eae Ty il
- Ex L N M N Tax ERXXARREXEREXERN ) . ] ' ta Ty
u A X o ar e o e T T e o T T T T ™ e N = Y «
- o al e a e T  a a a TaT Bl REE R R R RN xR . Uy e ey
* . M : - - . XxxEn - - L
- e ) e e e e e e T T T o L I O 0 o G =t N iy » LR Mo
) e i e P e P ) e, et e " . Tt ol -
L i a o e T e x e o e T T T T T e T Sl o xR X xR, » Peeaw » a
- / - » -
a e ] P o aa S A e e e - . ty > e e
L) i - Wy A e e e e A A e x e Ay iy Ayl B x xx R xR ) i N m " - M
i ar o e e P L W L T T e ' " x X e X e " » e e e Pl
i i x - ! Wi by dr A ke A de e b A m o Bod bk ko ke kK ki k kh ) X X N x N »r -
i k& . Py xd b L ) * | | J i dp
....-..............._..._ . - ; ”H L .............r i ............ .........._..........._..... .........r " .”.rH.-_ » Hﬂ!ﬂﬂl - IIHHHIHII ll . -.__.r.....-. lll""-_ II“ [ ] [ - ....-.1......
LA ) " . . x ) " A xR . . L
Tat M - " . e e o - o, e ML “ ..__H....” " .__.H.a”..
] . .
e . i ) - - . L RE N NN NN N R AN | o » LI e N PN L P, L . A Tty
P ey, > - M 2] T " PN N N v _-li“-laaaanaaaxxaill » - T T T T o SN AL
o Pl e T T e . st i " P o oMM T "-_ e e e e e » e L i e Tt T i *uta
e oo Mttt e " NN i a a3 T T e e e e e ExRE AR AR E RN LM = T e ar T - ~ -
xR * b b b . i T e N g . N woa ] L I T 0 I T v e D e e e xx em - X e T T i T Lty Ll ke CRI e Lk
o A T e e " s " o x W e e e a aa aea Sl EEE A e . . U e T e w . Wy . i ]
e A, o Py Tt e e N N s o Myl o n L S S g g A 'S T » ol e i e il P ] AN et )
™ A/ et e o Wt 'y ; Bl R ] » &l =T T ) R . xn PN
L e L - d A T M 'y s T e a L N Lol
.ﬂﬂlﬂlﬂl *o R s " =8 oo e = P o e e Ll MCH n.r.................................... ........_........4....._.._ ........_......_.._.._.._q. . . ..r....._ 1.4............_.
AN o AL e e | ot r A K P N R N N R ot - "- H._..”.r. . ..._.._.....r....._..._..r....._........._..__. MM LR - " x e
. et ™ ! [ - = . Wl b ey e e dr A ke e o) » - . - ' - ' aa
RN L i e L " - ¥ F W iy dr dr e i dr dp dp i dr dr b a war » ir & or & dr drdr i L ) & & & & 4 or - L)
X EX L e "~ L T . i R P P Y Pt » & Vo e d L A NN L aC
X R o . oy r.” ._.H.___.__. Tx "._H ”a T T Rl e e "lll"- - LI S e L " . .._H...“ ”.4”...“.__.“
o, T W = . W ) Sl e . » W ae o Ty CaE w iy s .
E x ] o Wi i dr = A 1._.r..ﬂ P il R 2R E R KT EEREN III_ ) & i a T ) & dr U b & & &k k horo LI ) o _dr &
x R T T it - T W x Ol X ol » e Ol oy Ll Wy ks, Tl L]
L e L b M - e R M L ¥ o v L AR A0 el Al vorom i L
T PR Wiy - s K * SRR e ul * & i kv od d ki Ll e e T ) L |
P e, st A "t N - x » Cx e e e e x e, » awa S L M e e EE
L R e e " Y, - o 3 L) r X XEREXER XN XXE N |l & v L) LG ] A O kv L] LN |
e e Tt e 't A Ml N S . xR . s - o o LR et i
W ) at T Ty * Y ety e e e "._“” |~ e Lt e e e e e o o e lil. T ol Il-_ L Ny w e et Tt RN ”.4”...“.__."
A e N iy R I s N N RN = £ b A el d e gk e b w e - " " ’ - » Bk A P ) kA Ak )
T TE L '/ o B .-..._.r.._.._.._.._......._..t.._..._.._.-. . Wi dr & Jdr dp o drode dp o dr dp dp b o LN -y x K KX l-_ [ ] L ] rodr i L L N ) L L N & i i i &
L % & i & . ey * Jr & b b d o Jr o Jr Mo b o’ b row ) B O dr & Jr J o b o drodp b b hoa - | "X [ ] L K i N L i kb or EL i &l
* T P o o T i e i P e i r b " W dr b g b dp b b b de o b bk ) N x E ® » » S o d Ay AN ) L N a i & i
s g e B iy bt e e Vs oy LN T o o e A waa Ty Ul W s . R ]
i R T Ay N el x A e e ae  ay  ae y ] 2 m X Y II"-_ o . ) o a wa . " AL
o N a0 e e T e e il N - = x > . P LAl X Eal ) L)
i AR A i KB .-...1..1..1._1.._..1.._..1........1.__ e o [ T T S R e e e B i S x xRN R ) [ LS TN LN ) - dr o d h w L i
T A T N " et S N oy O el ) KA » > B . ¥ xy e ar T s O wx a
* r A 'y T ool S S T T T v i a0 2 Wi b a dpdp b ke d d ke dr o R R e KR ¥ [ L ey ok b & ik a i & &
T e Tt AN e » x ok e e T T e Py E A xR - » - Pl T o aa e i " v an
N T, e T a % e e T e e e wa w e i e a  ay ae a Ty o e oy L W e e T W wa g al e Ty ur e
o o e ot e e x N N N A A N oy E R » » W i . > i iy M) W u e ) AL
L A L M et o N L L Ty N - s ol s e oty Al ) oy a 2 s
R s - T T, o e o i T Y e i » > . . o . T waraa" e ) LA
= e xlu 2 i L L, - oy N A . » ol O ) L L o) L)
e W T . o Sl RN » » - . ) L W a a el LA
N T, T o x e 2 E A X ) '3 u S atal ol sl sl e a T AL M
e T, ;! . £ Y RN ) » i & o g ) L - L) R
* . e e et B e L L A o N NN » o n P A ol ') ) o AT e
L L Ty . " LN N N e i ) L o e LN ) LI L)
X e, ' e x W d d a dp ke e ek d A m e ) ¥ » & s . aa e il i i ar O .
Eg X . T, . " e P e P T e oy i i ) » W ik VT T L) W )
x x K o My v g x W dr e b ey de ey d ke A a - R A - o S e i a "o IO
T " N Sl B . i L T L T T g T x R R - » * o e e LN LA Ly
& i i & "o ] Y v 2 e T R o R A A S 1 wE N AR - ir . S it et L
b L . - ] L N A A - ;i i, » » & a o o T a i & a k& - " ¥
- v o R o N e n e e T T T aln xR Sl » O W T . DN e
e i L - o gy, - n " L R el O ) E N |l » L S Voae a p i w iy A L RC A I LN AL
war e wx o . . - . Catm R S - s T T T T el N R
LA * Ayt e at, . . Ty x | » » s VT T T T - T Sl
% ir e i ¥ - . L T R xR » . o Pl a3l W i a )
N T st XA 3 uln X o et Pl it i i e .H... ~ i l"I-_I ) ! e st ) O
e e el a"y" Tty N I S I UL e A N N el T x x x A x x e » » w AT R e ' o
) N . . T i A e e e o P N e e g e e N M IR
& b e ¥ Exx e e o e z Vi x_x xR AR En e e 2w T T .k
LG N lnxnnllli - T T e e T L LT - . T » i Sl sl sl sl ™ ' 'y
L kX ETE o o o i T e e e e e e » e PR RN RN e » R . e e e
& i i e ENE RS . L, .-_I"i.t.t.v.rn....r............k.._ . . o EEREXNXXEATIRETXEAEER | ] i rode dp U dp e k&
Lol % iou E XX K LA o T e P L x T alanxaalaannnl“l ) ) Pl ol sl 3
W i ar o = . e N s ik x e X ez xR AR el e o e a e
e BT Tt i e L e e T = S T T e R e T T T
LR C * " el Wnl L I T T v iy i R e R O AL L
P L et T e e A A ey e WA " Ll PR BN R kxR ox N KX e * S N L
* i e o ettt [ S x Ll TR ) i | S Sl oL )
e i) P o T .-..._.._.__.__.r.r.r.....r.........r.r.__ - " dr e dp droa [ EEXENXETXERRERESXXT III-_ odr A b 0 ko g
L) = o ol ety P it o ke T * o a i e
Gl Ml i) N o Fatatutats e " P O R R K A ) T a T e T .
&k x k Ly o el o = e T A » r i i e e -
L A i) A e W N - " Ty ey o ) w e a e )
e ey, = R a e m o T e aa a aaa  ww e aT xR R xR AR AR - T T T e TN
ok R L i T l..r.._ .......r....r........r...n-. 4 dp dr A S o dedr Jr O B e dr o dr ko s ow g i A [ EERREXENX T ETEREETEXTREN III"' R N N L ) LI
e L, * ot e N T " L N R S L R E e x o  EEx xx » T T S L
L] b R L b T o S S T S T S T iy i o W e b e i e e dp b drode b om r dp iy a o EEXXREXTRRRERRER | ] EE ) LI x i &
Pl o, T, S S PR e ar o e a e  T a T  at T T  T Ta TTy XA XX X ) S T T Car Ll
P e e e e " wwa e e a Ta a  eae a eTy A - Sl T T T T e T vk i i i
W L R, Ly vt oy o e T e e e T T T i - T T T T -y -x
) A ey ' - X x X e R I R I A N N Sy VT Ty
Pt x N e e e T T T e e T " waa a  Ta a a a a a  eta T  Ty " o QA e e A R -y
L w e T T e = W e e e e R K e h e a ke ExXREAXERR TR XX Lt LI NN L LA
LT e, H...“.rn.r“ .rH .rH .rH...H...H...H...H...H.r“.._- e . "l e T P e 1#H1H1”#.q&u .. ..uH._._ - "l“nnnunﬂrﬂx“n"n"n"n“xnna -_|I-. ) R N NN SR atay
El a . . » R ) LIE ) i
Pl r U UM A " LA N LN oy ' a Ty
ey S n Ll x R X e " R N NN M o
U ; - . EE R R X R N NN oy AN
- N " R R A K K AR L N NN N N ey
A . P : i waaay A a LA NN Wy AN
s PO e : ™ w i | , AL N X ot ety
A o. Ul 2 ! Ux'x s . e A R A ) NI AL RN NN Wy ML
- 2 o w et R X e L S e »
5 = A aa ; L x e o e N e a L e e Sy
Pttt T r.x:"l P 5 T x L) .__.._..”.-_ l" .-_”...H...Hu“. “...H.-.“ nl"x"auxuaunnnau:nnxaaaanl » - . NN L) g
) " i i g i LB ; Figifta ] ' L ) LFE N, ]
ML NENE N o w o et ) A A e e P e e e BN o
e i gy " ol -l R N N N N R N L N NI M 2 x X xR RN R e ' P e e e Wy
PR, ettt Ty " w2 , .H.. e H...H...H...H.......q.......r............................r.r...._.__.r.___-_ O I BTN N e o R e . S
L X . R i d o L) EREXEX LA ERXNETEN '
LR ) Fl x M) - i e L, L i e
ety o » ™ T Yo e o o T T T - s ; L
5 x 3 e x A N AR s i ;
e N = = o T Yo T e T et N
5 =y < x ar oy o o T T T Ty T aia e o
s NN = x e T T T e ara e e e u
- o x S = x A N DN A R A uE
L o i P R ™ . ] N N st 0
T T ) e N T T e a s e R A -
L . ’ )
w e A A i T T TR E T A KX M AL S
ey e M R X -y . LA E A A ML I et
o o o & b dr O & b o dr b bk homor o on ] - & b oa roroa L WE_FE R A [ i s
a N M L = » LR o BN e, e
L I, x " T i e a a R A A A ML A
ir & b oo B R e NN
o 5 e T e e aa y a e e Mt L,
et Lol N R * P e e o A Pttt Tt
Pl b T T ) W e dp dr e A e ow a e . L Sty
et ' R x w . i a e Sl
Ty ) 4._..H.4H...H# s aa .H s G . o e e
a . 4“. AL L ICE = i) ) -
o T ) LA ] - | ] x
Fatat atut S L ] W A " M
T . II-_I-_-:.uu#k._._... i e
a Z ] Ao
LR . " '
l..-..-..-_ .-......_.n I-_ Iﬂll Hu_.
AL “._..”.r._. . el o
-
"o o " ey
= BN - E | Fra bk kW
L ] ' 2 T A Y ) .
£ I x moa b drodr droa M
!H_-.-_l HH R ad ik d e A .
o . -
L x »
uu_.l HHI ._.._.. L ) .4....4.4 -_-
A || & ..1.-..!.-..-..-..-..-...1._1.._ & o .
Iﬂl IH A Mk b oa l_-
w X n
"X »
] "
e "
-
xx ,
N o L] [ ]
e e k.“u ..kH...H#H.-H...H;H.-H{H&H#”u - q“.__. . o]
a2 & & |
e A R L Mk ML NI A ) .
»
]
*e
P [ [ ] L]
. .......__.-._-_”u ._,.u_..rtt....q.___.__..___.___in“I-_ l-_-_I-_ o
w T » ]
N I N ] o *
- N

.

L) a
L) L M SRR W ; *

L e M R R N ) L ; ettt

WA Wi i e e e e e e e e e aa w e de d d B R R 0 M LI ML L M > b - oy

.__.”.4H.4H.....q...H&H#H#H*H#H&H&thkn*ntnt“u“-“n.“*H#Hkﬂ..”#“t”t”t“.r”t”#”; x .._.....H....H#.._..,_..._.#H#..1huu_..._.u..hu.ﬁ._._uu,uhﬂﬁ‘._f...u_-.,_..:_..._._._..._.h‘hq Txtatat et e ; L IR RE N M AL N

i LN o
l-l}- -I.'- r}- -I-'- -I' -I.'- -IJ- -I.'- r}- -Ilr -I}- -I.'- -I-'- -I.'- -l.T-..'-..r I. -.-'.-Il- -I*.r}-.-ll-.r}- r}- -I.'- -I.'- -I-'- -I.'- -I.'- -IJ- -I*.l.‘.l.‘.l.‘-l.‘.l.‘.l.‘.l.‘.l.‘.l.*-l.‘.l. R T Sl i o A L ol S -I}- -I.'- -I.'- -I.'- -I.'- -I.r -I.r -I.r -I.r -I.T-..T-.-rl . - - I. -I.r r.'-.l.*.l.‘.l.‘.l.}-.r.'- -I.'- r*.-l*.-l*.r* - [ S



Gil

US 11,774,607 B2

L)

HHr ARG

o0

4

Sheet 10 of 10

Oct. 3, 2023

LWO9L: OIS

YA
ALY 1A
(241

IALYIE JAISS

10)30C

U.S. Patent

wugyBy | wwpeyos
LG By BLGOL “DIS
wug:By WWOOL:“OIS
MIAY MIAY
NSNYHL | IN3WLSNray
133 TOILdO

LHIGZL Y b SldlEX3

THHEYARY e giadtliex

WURZ LY 7 8i0lex3

WUGZ LY , Sjduiexd
“ " 7 SN
Wuoz} 0y SAIRIBAUIOD

bl e
3AIRIBOWS)

dAAY ]
ONILD = 144
LHOI



US 11,774,607 B2

1

SCINTILLATOR PANEL AND RADIATION
IMAGING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a scintillator panel and a
radiation 1maging apparatus.

Description of the Related Art

As a flat panel detector (FPD) used for radiation imaging
in medical 1image diagnosis, non-destructive mspection, and
the like, there 1s available an indirect conversion FPD that
converts radiation passing through an object into light using
a scintillator and detects light emaitted by the scintillator with
a light-recerving element. An FPD 1s required to clearly
depict a smaller object for early detection of a lesion, a
reduction 1n the size of medical equipment such as a stent
embedded 1n the body, and the like. That 1s, the FPD 1s
required to have a high modulation transfer function (MTF)
and high detective quantum ethciency (DQE). According to
Japanese Patent Laid-Open No. 2016-0616377, when a scin-
tillator layer 1s formed, the sharpness (MTF) 1s improved by
improving the crystallinity in the early stage of formation of
a columnar crystal and the luminance (DQE) 1s improved by
arranging a reflecting layer on the opposite side of the
scintillator layer to a sensor panel.

SUMMARY OF THE INVENTION

It 1s difficult to completely prevent light generated 1n a
scintillator layer from diffusing among columnar crystals. In
addition, providing a retlecting layer as disclosed in Japa-
nese Patent Laid-Open No. 2016-061637 will increase the
DQE but relatively increase the amount of scattering light
components, resulting 1n a deterioration 1n MTFE.

Some embodiments of the present mvention provide a
technique which suppresses a reduction n DQE and 1s
advantageous 1n improving the MTF.

According to some embodiments, a scintillator panel
comprising: a support; a scintillator configured to generate
light 1n accordance with incident radiation; a light reflecting
layer arranged between the support and the scintillator and
configured to reflect the light; a semi-transmissive layer
arranged between the light reflecting layer and the scintil-
lator and configured to reflect part of the light and transmut
other part of the light; and an optical adjustment layer
arranged between the light reflecting layer and the semi-
transmissive layer and configured to make an optical dis-
tance between the light reflecting layer and the semi-trans-
missive layer become a length with which the light
resonates, 1s provided.

According to some other embodiments, a radiation 1mag-
ing apparatus comprising: a scintillator configured to gen-
erate light 1n accordance with incident radiation; a light
reflecting layer configured to reflect the light; a semi-
transmissive layer arranged between the light reflecting
layer and the scintillator and configured to reflect part of the
light and transmit other part of the light; an optical adjust-
ment layer arranged between the light reflecting layer and
the semi-transmissive layer and configured to make an
optical distance between the light reflecting layer and the
semi-transmissive layer become a length with which the
light resonates; and a sensor panel arranged on an opposite
side of the scintillator to a side on which the light reflecting
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2

layer 1s arranged and configured to receive light emitted
from the scintillator, 1s provided.

Further features of the present mvention will become
apparent irom the following description of exemplary
embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing an example of the arrangement
of a radiation 1maging apparatus using a scintillator panel
according to this embodiment;

FIG. 2 1s a graph showing an example of the emission
spectrum of the scintillator used for the scintillator panel 1n
FIG. 1;

FIG. 3 1s a graph showing the reflectances of the light
reflecting members of the scintillator panel in FIG. 1 and a
scintillator panel according to a comparative example at an
incident angle of 5°;

FIG. 4 1s a graph showing the reflectances of the light
reflecting members of the scintillator panel in FIG. 1 and the
scintillator panel according to the comparative example at an
incident angle of 45°;

FIG. 5 1s a view showing the angle dependence of
reflected light from the light reflecting member of the
scintillator panel i FIG. 1;

FIG. 6 1s a view showing the angle dependence of
reflected light from the light reflecting member of the
scintillator panel according to the comparative example;

FIG. 7 1s a view showing a modification of the radiation
imaging apparatus in FIG. 1;

FIG. 8 1s a view showing the scintillator used for the
scintillator panel 1n FIG. 1;

FIG. 9 1s a view showing the scintillator used for the
scintillator panel 1n FIG. 1; and

FIG. 10 1s a view showing the characteristics of the
scintillator panel in FIG. 1 and the scintillator panel accord-
ing to the comparative example.

DESCRIPTION OF TH

(Ll

EMBODIMENTS

Hereinalter, embodiments will be described 1n detail with
reference to the attached drawings. Note, the following
embodiments are not intended to limit the scope of the
claimed invention. Multiple features are described in the
embodiments, but limitation 1s not made to an invention that
requires all such features, and multiple such features may be
combined as appropriate. Furthermore, 1n the attached draw-
ings, the same reference numerals are given to the same or
similar configurations, and redundant description thereof 1s
omitted.

Note that radiation according to the present invention can
include not only a.-rays, 3-rays, and y-rays that are beams
generated by particles (including photons) emitted by radio-
active decay but also beams having energy equal to or higher
than the energy of these beams, for example, X-rays, particle
rays, and cosmic rays.

A scintillator panel according to this embodiment and a
radiation 1imaging apparatus using the scintillator panel will
be described with reference to FIGS. 1 to 10. FIG. 1 shows
an example of the arrangement of a radiation 1maging
apparatus 200 using a scintillator panel 100 according to the
embodiment. The radiation imaging apparatus 200 includes
the scintillator panel 100 and a sensor panel 201 for receiv-
ing light emitted from a scintillator 101 of the scintillator
panel 100. The sensor panel 201 includes a plurality of
image sensing elements and converts an optical i1mage
output from the scintillator 101 1nto an electrical signal. As
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shown 1n FIG. 1, radiation 202 may be 1rradiated from a side
of the scintillator panel 100 or the sensor panel 201.

As shown 1 FIG. 1, the scintillator panel 100 includes a
support 102, a light reflecting layer 103, an optical adjust-
ment layer 104, a semi-transmissive layer 105, and the
scintillator 101. The scintillator 101 generates light 1n accor-
dance with incident radiation. The light reflecting layer 103
1s arranged between the support 102 and the scintillator 101
to reflect light emitted from the scintillator 101. The semi-
transmissive layer 105 1s arranged between the light retlect-
ing layer 103 and the scintillator 101 to reflect part of light
emitted from the scintillator 101 and transmit the other part
of the light. The optical adjustment layer 104 1s arranged
between the light reflecting layer 103 and the semi-trans-
missive layer 105 to make the optical distance between the
light reflecting layer 103 and the semi-transmissive layer
105 become a length with which light emitted from the
scintillator 101 resonates. In this case, a combination of the
support 102, the light reflecting layer 103, the optical
adjustment layer 104, and the semi-transmissive layer 105 1s
sometimes called a light reflecting member 107. As shown
in FIG. 1, a protective layer 106 may also be provided
between the scintillator 101 and the semi-transmissive layer
105. In this case, the light reflecting member 107 may
include the protective layer 106. The protective layer 106
will be described later.

The scintillator panel 100 (scintillator 101) 1s sealed with
a protective film (not shown) to suppress the nfiltration of
moisture and suppress a deterioration 1n the characteristics
of the scintillator 101. The protective film 1s not specifically
limited as long as 1t has a moisture-proof property. Various
materials can be used for the protective film. As a protective
film, parylene (paraxylene-based polymer) film or the like
may be used 1 consideration ol moisture-proof property and
coatability.

The support 102 1s a member for holding the light
reflecting layer 103, the optical adjustment layer 104, the
semi-transmissive layer 105, and the protective layer 106 as
the constituent elements of the light reflecting member 107.
The arrangement shown in FIG. 1 transmits the radiation
202. Various materials can be used for the support 102
without any specific limitations as long as the materials can
hold each constituent element of the light reflecting member
107 and transmit the radiation 202. For the support 102, for
example, glass, amorphous carbon, a plastic, a metal, a
composite material obtained by combining them, or the like
can be used. When a metal member 1s used as the support
102, the support 102 can also have the function of the light
reflecting layer 103 (to be described later).

The light reflecting layer 103 1s arranged on the support
102. Providing the light reflecting layer 103 makes 1t pos-
sible to reflect light propagating from the scintillator 101 to
the side opposite to the sensor panel 201 toward the sensor
panel 201 and eiliciently use light generated by the scintil-
lator 101. That 1s, the detective quantum efliciency (DQE)
can be improved.

For the light reflecting layer 103, a metal material such as
silver (Ag), aluminum (Al), platinum (Pt), and gold (Au)
may be used. The light reflecting layer 103 may be formed
from one material or a plurality of types of materials. That
1s, the light reflecting layer 103 may contain at least one of
silver, aluminum, platinum, gold, or the like. When, for
example, a material containing silver having high retlec-
tance as a main component 1s used for the light reflecting
layer 103, the effect of this embodiment described below
becomes more prominent. In this case, the main component
of the light reflecting layer 103 1s one of the materials
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constituting the light reflecting layer 103 which has the
highest ratio of weight or molar ratio.

The light reflecting layer 103 can be formed by forming
the above metal material on the support 102 by using a vapor
deposition method, a sputtering method, or the like. The
light reflecting layer 103 may be formed by using the
sputtering method in consideration of reflectance, flatness,
umiformity, and the like. In addition, as described above, a
metal material such as aluminum or the like may be used for
the support 102 to function as the light reflecting layer 103.

The optical adjustment layer 104 1s arranged between the
light reflecting layer 103 and the semi-transmissive layer
105 to make the optical distance between the light reflecting
layer 103 and the semi-transmissive layer 105 become a
length with which light emitted from the scintillator 101
resonates. More specifically, the optical adjustment layer
104 1s a layer used to function as an optical resonator that
maintains the reflectance of a specific wavelength (the peak
wavelength of light emitted from the scintillator 101 1n this
embodiment) owing to the resonant etlect of light and, at the
same time, reduces the reflectance of light having other
wavelengths. Various types of materials can be used for the
optical adjustment layer 104 as long as the layer satisfies the
following optical distance requirement particularly without
any limitation.

An optical distance L [nm] of the optical adjustment layer
104 may satisly inequality (1) given below.

(WA)x(=1=(p/m))<L<(M4)x(1-(p/a)) (1)

where A [nm] 1s the peak wavelength of light emitted from
the scintillator 101, ¢ [rad] 1s the sum of phase shiits of light
having the wavelength A [nm] 1n the light reflecting layer
103 and the semi-transmissive layer 105, and @ 1s a negative
value.

The optical distance L 1s determined by a refractive index
n at the wavelength A [nm] of the optical adjustment layer
104 and a film thickness 1 [nm] according to equation (2)
given below.

L=nxl (2)

Therefore, the resonant wavelength can be adjusted by
adjusting the film thickness 1 [nm] 1n accordance with the
refractive mndex n of the material of the optical adjustment
layer 104.

A transparent 1morganic material, a transparent resin, or
the like may be used for the optical adjustment layer 104.
For example, the optical adjustment layer 104 may contain
at least one of the following materials: silicon oxide (810,),
aluminum oxide (Al,O,), titanium oxide (IV) (1T10,), tan-
talum oxide (Ta,O;), indium tin oxide (ITO), zinc oxide
(Zn0, ZnO:Al, Zn0O:Ga), acrylic resin (PMMA), polyeth-
ylene terephthalate (PET), polycarbonate (PC), or the like.
As shown 1n FIG. 1, the optical adjustment layer 104 may
have a single layer structure using the above materials.
Although the optical adjustment layer 104 may have a
multilayer structure using the above materials, the single
layer structure can be designed more easily than the multi-
layer structure because of consideration to reflection at
interfaces and the like.

The optical adjustment layer 104 can be formed by using
a vapor deposition method, a sputtering method, a spin
coating method, a slit coating method, a spraying method, or
the like 1n accordance with the material used. The optical
adjustment layer 104 may be formed by the sputtering
method when a transparent inorganic material 1s used or may
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be formed by the spin coating method when a transparent
resin 1s used, from the viewpoint of flatness, uniformity, and
the like.

The semi-transmissive layer 105 1s a very thin metal film
and 1s a layer having both a function of transmitting light and
a function of reflecting light. Part of light entering the
semi-transmissive layer 1035 from the scintillator 101 propa-
gates through the semi-transmissive layer 105 and the opti-
cal adjustment layer 104 and 1s then reflected by the light
reflecting layer 103. Part of the reflected light 1s reflected
again by the semi-transmissive layer 105. This action pro-
duces the resonant effect of light, and the layer functions as
an optical resonator that maintains the reflectance of light
with a specific wavelength and, at the same time, reduces the
reflectance of light with other wavelengths in accordance
with the film thickness of the optical adjustment layer 104.

Like the light reflecting layer 103, the semi-transmissive
layer 105 may contain at least one of silver, aluminum,
platinum, gold, or the like. The semi-transmissive layer 105
may be formed from one material or a plurality of types of
materials. For example, the semi-transmissive layer 105 may
contain silver as a main component and has a thickness of 5
nm or more and 20 nm or less. In this case, the reason why
the semi-transmissive layer 105 has a thickness of 5 nm or
more 1s that the thin metal film containing silver as a main
component tends to have an 1sland shape as the film becomes
too thin and fail to form a layer. Meanwhile, the reason why
the semi-transmissive layer 105 has a thickness of 20 nm or
less 1s that the transmittance of light becomes too low. That
1s, the ratio of light entering an optical resonator 108
constituted by the light reflecting layer 103, the optical
adjustment layer 104, and the semi-transmissive layer 105 to
the light emitted from the scintillator 101 decreases to
weaken the eflect of the optical resonator 108.

The semi-transmissive layer 105 can be formed by form-
ing the above metal material on the optical adjustment layer
104 by the vapor deposition method, the sputtering method,
or the like. When a thin metal layer having a thickness of
about 5 nm 1s formed by the vapor deposition method, the
grown metal has a strong tendency to have an 1sland shape
and fail to form a layer. The semi-transmissive layer 105
may be formed by using the sputtering method from the
viewpoint of flatness and uniformity. In addition, since the
semi-transmissive layer 105 1s a thin film, the metal may be
formed by using, for example, an atomic layer deposition
(ALD) method.

The scintillator 101 converts radiation nto light. In order
to efliciently transfer emitted light to the sensor panel 201,
a material obtained by slightly adding an activator agent to
columnar crystals containing an alkali halide metal com-
pound as a main component 1s widely used as the scintillator
101. The scintillator 101 has air gaps formed among the
respective columnar crystals so that part of light 1s repeat-
edly totally reflected in the crystals due to the diflerences 1n
refractive index between the crystals and air so as to
cihiciently guide the emitted light to the sensor panel 201.

As the scintillator 101, for example, an alkal1 halide metal
compound such as sodium 1odide (Nal), cesium 10dide (CsI),
or cestum bromide (CsBr) may be used. Of these materials,
cesium 10dide may be used because 1t has a relatively high
change rate from radiation (X-rays) to visible light and a
relatively low deliquescence.

The scintillator 101 with only cestum 1odide 1s low in
luminous ethicacy, and hence various types ol activator
agents may be added to the scintillator 1n addition to cesium
iodide as a phosphor base material. As activator agents,
halogen compounds such as thallium (11), europium (Eu),
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indium (In), Iithium (L1), kallum (K), rubidium (Rb), and
sodium (Na) may be used. The scintillator 101 can be
formed by depositing an activator agent together with
cesium 1odide. For example, thallium 1odide (T1I) may be
used as an activator agent. When the scintillator 101 1s
formed by using the vapor deposition method, the crystal-
linity of columnar crystals formed can be improved by
placing a substrate vertically above a deposition source for
a scintillator material so as to be oblique to the vertical axis,
resulting in an improvement in MTF.

The scintillator 101 formed by slightly adding an activator
agent to the columnar crystals formed from an alkali halide
metal compound exhibits deliquescence. Accordingly, when
the semi-transmissive layer 105 using a metal comes nto
contact with the scintillator 101, the semi-transmissive layer
105 may be subjected to problems such as corrosion. For this
reason, the protective layer 106 1s arranged between the
semi-transmissive layer 105 and the scintillator 101.

For the protective layer 106, a transparent inorganic
material, a transparent resin, or the like may be used. As a
transparent norganic material, for example, one or a plu-
rality of materials may be selected from silicon oxide (510,),
aluminum oxide (Al,O,), titanium oxide (IV) (110,), tan-
talum oxide (Ta,O;), and the like. In addition, as a trans-
parent resin, for example, one or a plurality of materials
selected from polyurethane resin, polyamide resin, polyim-
ide resin, epoxy resin, acrylic resin, parylene, and the like
may be used. Parvlene has also a moisture-prootf effect and
1s suitable for use for the protective layer 106 in consider-
ation of corrosion and the like. In addition, the protective
layer 106 may have a single layer structure or a multilayer
structure formed by stacking layers using the above mate-
rials. For example, layers formed from a transparent 1nor-
ganic material and a transparent resin may be stacked or
layers formed from different types of transparent mnorganic
materials or different types of transparent resins may be
stacked.

The protective layer 106 can be formed by using a vapor
deposition method, a sputtering method, a spin coating
method, a slit coating method, a spraying method, or the like
in accordance with the material used. For example, a com-
posite film formed by forming a transparent inorganic mate-
rial using the sputtering method and then forming parylene
using the vapor deposition method may be used as the
protective layer 106. In this case, the film of the protective
layer 106 which uses a transparent inorganic material 1s a
film for mainly suppressing oxidation or fogging of the
semi-transmissive layer 105 as a very thin metal film.
Accordingly, the light reflecting layer 103, the optical
adjustment layer 104, the semi-transmissive layer 105, and
the transparent inorganic material {ilm of the protective layer
106 may be consecutively formed by using the sputtering
method. For example, films may be continuously and repeat-
edly deposited on the support 102 so as not to be exposed to
the atmosphere 1n the sputtering apparatus in the interval
between the formation of the light reflecting layer 103 and
the formation of the transparent inorganic film of the pro-
tective layer 106.

The sensor panel 201 converts light converted from
radiation by the scintillator panel 100 and light selectively
resonated by the optical resonator 108 including the light
reflecting layer 103, the optical adjustment layer 104, and
the semi-transmissive layer 1035 into electrical signals. The
sensor panel 201 can include, for example, a PIN type image
sensing elements or MIS type image sensing elements using,
amorphous silicon. The sensor panel 201 can have a two-
dimensional array of pixels including photodiodes forming
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photoelectric conversion devices such as PIN type image
sensing elements or MIS type image sensing elements. In
addition, the sensor panel 201 can include a CMOS circuit
such as an amplifier for processing electrical signals output
from a plurality of pixels. The electrical signal obtained by
the sensor panel 201 1s sent to an external electrical board
via a wiring structure such as an FPC (not shown) and 1s
subjected to 1mage processing and the like. This makes 1t
possible to obtain a radiation 1mage.

The principle of improving the MTF while suppressing a
reduction i DQE by using the scintillator panel 100 accord-
ing to this embodiment will be described next with reference
to FIGS. 2 to 6. FIG. 2 shows an example of the spectrum
of light emitted from the scintillator 101. Assume 1n this
description that the scintillator 101 1s a scintillator (CsI:'T1)
formed from needle-like crystals using cesium 1odide as a
base material and thallium 10dide as an activator agent. As
shown 1n FI1G. 2, Csl:'T1 used as the scintillator 101 has the
peak wavelength of emission near 550 nm and a broad
emission spectrum from about 300 nm on the wavelength
side shorter than the peak wavelength to about 900 nm on
the wavelength side longer than the peak wavelength.

FIG. 3 shows the reflectances of the light reflecting
member 107 according to this embodiment and a light
reflecting member according to a comparative example at an
incident angle of 5°. In this case, the light reflecting member
107 according to the embodiment 1s a substrate formed by
stacking silver as the light reflecting layer 103, a silicon
oxide as the optical adjustment layer 104, a thin silver film
as the semi-transmissive layer 105, and a silicon oxide as the
protective layer 106 on the glass as the support 102 by the
sputtering method. In contrast to this, the light reflecting
member according to the comparative example 1s a substrate
formed by depositing aluminum (Al in FIG. 3) or silver (Ag
in F1G. 3) as the light reflecting layer 103 and a silicon oxide
as the protective layer 106 on the glass as the support 102 by
sputtering. That 1s, the light reflecting member according to
the comparative example does not include the optical reso-
nator 108 constituted by the light reflecting layer 103, the
optical adjustment layer 104, and the semi-transmissive
layer 105.

As 1s obvious from FIG. 3, the light reflecting member
1077 according to this embodiment has a reflection peak near
550 nm which 1s the peak wavelength of light emitted from
the scintillator 101 due to the optical resonator 108. In
contrast to this, the light reflecting member according to the
comparative example having no optical resonator has a
broad reflectance with small changes due to wavelengths
even 1f the light reflecting member uses aluminum or silver.

FIG. 4 shows the reflectances of the light reflecting
member 107 according to this embodiment and the light
reflecting member according to the comparative example at
an mcident angle of 45°. FIG. 4 differs from FIG. 3 only 1n
the incident angle of light.

As 1s obvious from FIG. 4, the light reflecting member
1077 according to this embodiment has a reflection peak near
480 nm at an incident angle of 45°. Accordingly, the peak
wavelength of light emitted from the scintillator 101 differs
from the peak wavelength of reflection by the light reﬂectmg
member 107. Consequently, as compared with the case in
which the incident angle of light 1s 5°, the intensity of
reflected light decreases. In contrast to this, the light retlect-
ing member 107 according to the comparative example has
a broad reflectance even when the incident angle of light
changes.

FIG. 5 shows the angle dependence of reflected light
when light enters the light reflecting member 107 according,
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to this embodiment from the scintillator 101. When the
incident angle of light shitts from the normal direction of the
light reflecting member 107 due to the characteristics of the
optical resonator 108 constituted by the light reflecting layer
103, the optical adjustment layer 104, and the semi-trans-
missive layer 105 described above, the resonant (interfer-
ence) wavelength shifts, resulting 1n a decrease in the
intensity of retlected light. Accordingly, as shown in FIG. 5,
the light reflecting member 107 according to this embodi-
ment has retlection characteristics having directivity with
high intensity of light reflected 1n the normal direction of the
light reflecting member 107.

FIG. 6 shows the angle dependence of retlected light
when light enters the light reflecting member according to
the comparative example from the scintillator 101. The light
reflecting member according to the comparative example
scarcely has angle dependence of reflectance as shown 1n
FIGS. 3 and 4, and hence has 1sotropic reflection character-
istics as shown in FIG. 6.

As described above, when part of the light emitted from
the scintillator 101 which 1s emitted to the light reflecting
member 107 obliquely enters the normal direction of the
light reflecting member 107 (that 1s, scattered light), the
intensity of retlection 1s low. In contrast to this, light near the
normal direction of the light reflecting member 107 1s
reflected with high reflectance. This allows the scintillator
panel 100 including the light reflecting member 107 accord-
ing to this embodiment to obtain high DQE by providing the
light reflecting layer 103 and also achieve high MTF while
reducing scattered light components.

The radiation imaging apparatus 200 shown in FIG. 1 has
an arrangement 1n which the scintillator panel 100 1s bonded
to the sensor panel 201 through a bonding member such as
an adhesive agent (not shown). The main component of the
bonding member needs to have adhesion when bonding the
scintillator panel 100 to the sensor panel 201. For example,
as the main component, for example, a resin such as an
acrylic resin, an epoxy-based resin, an olefin-based resin, or
a silicon-based resin may be used. An acrylic resin having an
optically high transmittance may be used as a bonding
member. In addition, as a bonding member, a thermoplastic
resin, a thermos-setting resin, or a heat melting solid hot
melt resin (for example, a resin containing a polyolefin-
based component, a polyester-based component, a poly-
amide-based component, or the like as a main component)
may be used.

After the scintillator panel 100 1s bonded to the sensor
panel 201, the space 1n the side portions of the scintillator
panel 100 and the sensor panel 201 bonded to each other
may be filled with a resin material or the like (not shown).
This prevents moisture from infiltrating into the side por-
tions of the scintillator panel 100 and the sensor panel 201
bonded to each other, thereby suppressing a deterioration in
the characteristics of the scintillator 101. The type of resin
material to be used 1s not specifically limited as long as 1t has
a moisture-prool property, and various types of materials can
be used. For example, an epoxy resin can be used.

In this manner, the scintillator panel 100 including the
light reflecting member 107 having the optical resonator 108
constituted by the light reflecting layer 103, the optical
adjustment layer 104, and the semi-transmissive layer 105 1s
bonded to the sensor panel 201. This arrangement can
implement the radiation imaging apparatus 200 that can
improve the M'TF while suppressing a reduction 1n DQE.

The radiation 1maging apparatus 200 1s not limited to the
arrangement 1n which the scintillator panel 100 1s bonded to
the sensor panel 201. A radiation imaging apparatus 200’
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shown 1n FIG. 7 1s obtained by directly forming the scin-
tillator 101 on the sensor panel 201 by using the vapor
deposition method or the like and then bonding the light
reflecting member 107 including the optical resonator 108 to
the scintillator 101. In any arrangement, the sensor panel
201 1s arranged on the opposite side of the scintillator 101
to the optical resonator 108 constituted by the light reflecting,
layer 103, the optical adjustment layer 104, and the semi-
transmissive layer 103.

As shown 1n FIG. 1, 1in the arrangement 1 which the
scintillator panel 100 1s bonded to the sensor panel 201, the
scintillator 101 can be decreased in size from the sensor
panel 201 toward the light reflecting member 107. In con-
trast to this, in the arrangement shown in FIG. 7, the
scintillator 101 can be decreased in size from the light
reflecting member 107 toward the sensor panel 201. That 1s,
in the arrangement shown in FIG. 7, since the scintillator
101 1s directly formed on the sensor panel 201, the scintil-
lator 101 can have a structure obtained by vertically revers-
ing the structure of the scintillator 101 shown i FIG. 1.

In the radiation 1maging apparatus 200' having the
arrangement shown i FIG. 7, the light reflecting member
1077 1s bonded to the scintillator 101 via a bonding member
such as an adhesive agent (not shown). The same material as
the bonding member used to couple the scintillator panel
100 to the sensor panel 201 described above can be used as
the bonding member to couple the light reflecting member
107 to the scintillator 101.

In the radiation 1maging apparatus 200' having the
arrangement shown in FIG. 7, after the light reflecting
member 107 1s bonded to the scintillator 101, the space in
the side portions of the light reflecting member 107 and the
scintillator 101 bonded to each other may be filled with a
resin material or the like (not shown). This prevents mois-
ture from infiltrating into the side portions of the light
reflecting member 107 and the scintillator 101 bonded to
cach other, thereby suppressing a deterioration 1n the char-
acteristics of the scintillator 101. The type of resin matenal
to be used 1s not specifically limited as long as 1t has a
moisture-proof property, and various types of materials can
be used. For example, an epoxy resin can be used.

Like the radiation imaging apparatus 200 shown in FIG.
1, the radiation 1imaging apparatus 200' shown 1n FIG. 7 1s
provided with the light reflecting member 107 including the
optical resonator 108. This makes it possible to provide the
radiation 1maging apparatus 200' that can improve the MTF
while suppressing a reduction 1n the DQE like the radiation
imaging apparatus 200 described above.

The scintillator panel 100 according to the embodiment
and a scinftillator panel according to each comparative
example will be described below. The comparative examples
will be described first.

Comparative Example 1

As the support 102, a glass substrate was prepared. The
light reflecting layer 103 using aluminum and the protective
layer 106 (1ts part) using a silicon oxide were continuously
deposited on the support 102 to 120 nm and 20 nm,
respectively, by using the sputtering method. The protective
layer 106 (its part) using parylene was a thickness of 12 um
and then deposited by using the vapor deposition method.
The scintillator 101 having a columnar crystal structure
containing cesium 1odide as a main component and thallium
1odide as an activator agent was formed on the light reflect-
ing member according to Comparative Example 1 obtained
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in the above process by using the vapor deposition method,
thereby obtaiming a scintillator panel according to Compara-
tive Example 1.

After the scintillator 101 was formed, the distal end side
of the scintillator 101 was brought into close contact with a
CMOS photodetector through a fiber optic plate (FOP), and
the scintillator 101 was wrradiated with X-rays complying
with radiation quality RQAS defined by the internal stan-
dards from the support 102 side. At this time, as a DQE value
which 1s an index indicating noise from the scintillator 101
(scintillator panel), a DQE (0) value corresponding to a
spatial frequency of 0 line pair per mm (0 Lp/mm) was 100,
and the DQE (0) values obtained 1n Examples 1 to 4 and
Comparative Example 2 (to be described later) were rela-
tively compared with each other. In addition, as an MTF
value which 1s an resolution index of the scintillator 101
(scintillator), a value corresponding to a spatial frequency of
two line pairs per mm (2 Lp/mm) was obtained by an edge
method using a tungsten knife-edge. The MTF (2) value at
this ttime was 100, and the MTF (2) values obtained in
Examples 1 to 4 and Comparative Example 2 (to be
described later) were relatively compared with each other.

Comparative Example 2

As the support 102, a glass substrate was prepared. The
light reflecting layer 103 using aluminum and the protective
layer 106 (its part) using a silicon oxide were continuously
deposited on the support 102 to 120 nm and 20 nm,
respectively, by using the sputtering method. The protective
layer 106 (its part) using parylene was then deposited by
using the vapor deposition method. The scintillator 101
having a columnar crystal structure containing cesium
iodide as a main component and thalllum 1odide as an
activator agent was formed on the light reflecting member
according to Comparative Example 2 obtained 1n the above
process. That 1s, the scintillator panel according to Com-
parative Example 2 has the same structure as that of the
scintillator panel according to Comparative Example 1
described above except that silver was used for the light
reflecting layer 103. The prepared scintillator panel accord-
ing to Comparative Example 2 was evaluated by using the
same evaluation method as that used i Comparative
Example 1.

Example 1

First of all, the film thickness of an optical adjustment
layer 104 was estimated. In this case, a scintillator panel was
designed assuming that silver was used for a light reflecting
layer 103, a silicon oxide having high transmittance of light
was used for the optical adjustment layer 104, silver was
used for a semi-transmissive layer 105, and a silicon oxide
was used for a portion of a protective layer 106 which was
in contact with the semi-transmissive layer 105. When a
refractive mndex n of the silicon oxide was 1.46 and a peak
wavelength A of light emitted from a scintillator 101 was
550 nm, a sum @ [rad] of phase shiits when light having the
wavelength A (550 nm) was reflected by the light reflecting
layer 103 and the semi-transmissive layer 105 was about —.
Therefore, an optical distance L of the optical adjustment
layer 104 1s defined as follows according to nequality (1)
given above.

0 nm<L<275 nm
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Accordingly, the film thickness of the silicon oxide of the
optical adjustment layer 104 can be estimated as follows
according to equation (2).

0 nm<1<1¥¥ nm 5

The reflectance of the light reflecting member 107 was
estimated while the film thickness of the silicon oxide of the
optical adjustment layer 104 was changed. Setting the film
thickness of the silicon oxide of the optical adjustment layer
104 to 160 nm made it possible to prepare a light reflecting 10
member 107 having a peak wavelength near 550 nm as
shown 1n FIG. 3.

More specifically, the light reflecting layer 103 using
silver with a thickness of 120 nm, the optical adjustment
layer 104 using a silicon oxide with a thickness of 160 nm, 15
the semi-transmissive layer 103 using silver with a thickness
of 8 nm, and the protective layer 106 (its part) using a silicon
oxide with a thickness of 20 nm were continuously depos-
ited on the support 102 using a glass substrate by using the
sputtering method. The protective layer 106 (its part) using 20
parylene with a thickness of 12 um was then deposited by
using the vapor deposition method. The scintillator 101
having a columnar crystal structure containing cesium
iodide as a main component and thalllum 1odide as an
activator agent was formed on the light reflecting member 25
107 according to Example 1 obtained in the above process
by using the vapor deposition method, thereby obtaining the
scintillator panel 100 according to Example 1. The scintil-
lator 101 1s formed 1n Examples 2 to 4 1n the same manner
as 1 Comparative Examples 1 and 2. 30

Observing the formed scintillator 101 with a scanming
clectron microscope (SEM) made it possible to check the
formation of the columnar crystal group. The film thickness
of the obtained scintillator 101 was 860 um. An analysis
using an energy dispersive X-ray spectroscope (EDS) 35
revealed that the thallium concentration with respect to the
cesium 10dide on the support 102 side of the scintillator 101
was 0.29 mol %, and the thallium concentration with respect
to the cesium 1odide on the sensor panel 201 side of the
scintillator 101 was 1.40 mol %. 40

FIG. 8 shows an SEM observation 1mage of a portion of
the scintillator 101 according to this embodiment which 1s
located on the vapor deposition early stage side (support 102
side). FIG. 9 shows an SEM observation image of a portion
of the scintillator 101 according to the embodiment which 1s 45
located on the distal end side (sensor panel 201 side).
Referring to FIGS. 8 and 9, each columnar crystal of the
scintillator 101 on the vapor deposition early stage side had
a thickness of about 1.0 um to 2.2 um in a direction (the
direction of the arrows shown 1n FIGS. 8 and 9) intersecting 50
the crystal growth direction. In contrast to this, each colum-
nar crystal of the scintillator 101 on the distal end side had
a thickness of 4.9 um to 7.8 um 1n the direction intersecting
the crystal growth direction. As 1s obvious from FIGS. 8 and
9, the crystal size of the scinftillator 101 on the vapor 55
deposition early stage was smaller than the crystal size on
the distal end side.

The scintillator panels 100 including the light reflecting
members 107 prepared in Example 1 and Examples 2 to 4 (to
be described below) were evaluated by the same evaluation 60
method as that in Comparative Examples 1 and 2.

Example 2

The scintillator panel was prepared in the same manner as 65
in Example 1 except that the silver used for a semi-
transmissive layer 105 had a film thickness of 6 nm.

12
Example 3

The scintillator panel was prepared 1n the same manner as
in Example 1 except that the silver used for a semi-
transmissive layer 105 had a film thickness of 10 nm.

Example 4

The scintillator panel was prepared 1n the same manner as
in Example 1 except that the silver used for a semi-
transmissive layer 105 had a film thickness of 12 nm.

Scintillator panels 100 according to Examples 1 to 4 and
the characteristics of scintillator panels according to Com-
parative Examples 1 and 2 will be described next with
reference to FIG. 10. First of all, a comparison between the
scintillator panels according to Comparative Examples 1 and
2 indicates that Comparative Example 2 using silver having
a high retlectance for a light reflecting layer 103 obtained a
higher DQE (0) value than Comparative Example 1. How-
ever, the MTF (2) value greatly decreased. This 1s because,
although the light reflecting layer 103 of the scintillator
panel according to Comparative Example 2 reflects more
light, scattered light components relatively increase.

The scintillator panels 100 according to Examples 1 to 4
cach exhibited an improvement in MTF (2) value as com-
pared with the scintillator panel according to Comparative
Example 1. In addition, the MTF (2) value depended on the
film thickness of the silver used for the semi-transmissive
layer 105 and exhibited the maximal value 1n Example 1
with a film thickness of 8 nm, which was 1.3 times larger
than that in Comparative Example 1. It was found that the
scintillator panel 100 according to Example 1 suppressed a
reduction 1 DQE (0) value (-3%) as compared with the
scintillator panel according to Comparative Example 1.

In the scintillator panel 100 according to Example 2 1n
which the film thickness of silver of the semi-transmissive
layer 105 was 6 nm, which was smaller than that in the
scintillator panel 100 according to Example 1, the MTF (2)
value decreased more than in Example 1. Causes of a
reduction 1n MTF (2) value may be that more components of
light retlected by the light reflecting layer 103 were trans-
mitted through the semi-transmissive layer 105, and the
resonance generated 1n an optical resonator 108 constituted
by the light reflecting layer 103, an optical adjustment layer
104, and the semi-transmissive layer 105 was weakened. In
addition, causes of a reduction in MTF (2) value 1n Example
2 may be that because the film thickness of silver used for
the semi-transmissive layer 105 was as thin as 6 nm, the
silver was formed in an island shape, resulting in poor
uniformity of the film of the semi-transmissive layer 105.

Even 1n the scintillator panels 100 according to Examples
3 and 4 1n which the film thickness of silver used for the
semi-transmissive layer 105 was larger than that in the
scintillator panel 100 according to Example 1, the MTF (2)
value became smaller than that in Example 1. Causes of the
reduction may be that an increase 1n the film thickness of the
semi-transmissive layer 105 decreased the amount of light
entering the optical resonator 108 constituted by the light
reflecting layer 103, the optical adjustment layer 104, and
the semi-transmissive layer 1035,

However, 1t was found that the scintillator panels 100
according to Examples 1 to 4 can improve the MTF while
suppressing a reduction mm DQE as compared with the
scintillator panels according to Comparative Examples 1 and
2 which do not include the optical resonator 108. That is, the
radiation 1maging apparatus 200 according to this embodi-
ment (Example 1) using the scintillator panel 100 including
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the optical resonator 108 constituted by the light reflecting
layer 103, the optical adjustment layer 104, and the semi-
transmissive layer 105 and the radiation 1imaging apparatus
200" including the optical resonator 108 can improve the
MTF while suppressing a reduction in DQE.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2021-132067, filed Aug. 13, 2021, which 1s

hereby incorporated by reference herein 1n 1ts entirety.

What 1s claimed 1s:

1. A scintillator panel comprising:

a support;

a scintillator configured to generate light in accordance
with 1ncident radiation;

a light reflecting layer arranged between the support and
the scintillator and configured to reflect the light;

a semi-transmissive layer arranged between the light
reflecting layer and the scintillator and configured to
reflect a part of the light and transmit another part of the
light; and

an optical adjustment layer arranged between the light
reflecting layer and the semi-transmissive layer and
configured to make an optical distance between the
light reflecting layer and the semi-transmissive layer
become a length with which the light resonates.

2. The scintillator panel according to claim 1, wherein the

optical adjustment layer has an optical distance L [nm]
satisiying:

(WA)x (=1= (/o) )<L<(MA)x (1-(g@/m)),

where A [nm] 1s a peak wavelength of the light and ¢ [rad]
1s a sum of phase shifts of light with the wavelength A
[nm] 1n the light reflecting layer and the semi-trans-
missive layer.

3. The scintillator panel according to claim 1, wherein the
optical adjustment layer comprises a transparent morganic
material or a transparent resin.

4. The scintillator panel according to claim 3, wherein the
optical adjustment layer contains at least one selected from
the group consisting of silicon oxide, aluminum oxide,
titanium oxide, tantalum oxide, indium tin oxide, zinc oxide,
acrylic resin, polyethylene terephthalate, and polycarbonate.

5. The scintillator panel according to claim 1, wherein the
optical adjustment layer has a single layer structure.
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6. The scintillator panel according to claim 1, wherein the
light reflecting layer contains at least one selected from the
group consisting of silver, aluminum, platinum, and gold.

7. The scintillator panel according to claim 1, wherein the
semi-transmissive layer contains at least one selected from
the group consisting of silver, aluminum, platinum, and
gold.

8. The scintillator panel according to claim 1, wherein the
semi-transmissive layer contains silver and has a thickness
of 5 nm to 20 nm.

9. The scintillator panel according to claim 1, wherein the
scintillator includes a columnar crystal containing an alkali
halide metal compound as a main component.

10. The scintillator panel according to claim 1, further
comprising a protective layer between the scintillator and
the semi-transmissive layer.

11. The scintillator panel according to claim 10, wherein
the protective layer comprises a transparent mnorganic mate-
rial or a transparent resin.

12. The scintillator panel according to claim 11, wherein
the protective layer contains at least one selected from the
group consisting of silicon oxide, aluminum oxide, titanium
oxide, tantalum oxide, indium tin oxide, zinc oxide, poly-
urethane resin, polyamide resin, polyimide resin, epoxy
resin, acrylic resin, and parylene.

13. The scintillator panel according to claim 10, wherein
the protective layer has a multilayer structure.

14. A radiation 1maging apparatus comprising:

the scintillator panel according to claim 1; and

a sensor panel configured to recerve light emitted from the
scintillator.

15. A radiation 1maging apparatus comprising:

a scintillator configured to generate light 1n accordance
with incident radiation;

a light reflecting layer configured to retlect the light;

a semi-transmissive layer arranged between the light
reflecting layer and the scintillator and configured to
reflect a part of the light and transmit another part of the
light;

an optical adjustment layver arranged between the light
reflecting layer and the semi-transmissive layer and
configured to make an optical distance between the
light reflecting layer and the semi-transmissive layer
become a length with which the light resonates; and

a sensor panel arranged on an opposite side of the
scintillator to a side on which the light reflecting layer
1s arranged and configured to receive light emitted from
the scintillator.
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